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PBEJACE. 


Ths  foUowing  Treatises  are  detoted  to  the  oonsideration  of  the  struotai^  Of  Plants  mA 
Aiumalfl ;  ftzid  it  has  heen  the  aim  of  the  authois  to  write  with  seienl^o  acciuiaoy,  and 
Witii  sufficient  detail,  without  introducing  discussion  upon  contested  suhjects.  They 
trust  that  the  work  will  be  found  intelligible  to  the  unlearned,  and  ins^otiTe  to  those 
also  who  hare  obtained  an  elementary  knowledge  of  the  subjects. 

Occasional  obsetvations  wHl  be  met  with,  by  which  the  reader  ii»  retninded  that 

Pliints  and  Animals  are  not  only  parts  of  the  same  great  Creation ;  but  that  so  closely 

are  some  plants  associated  with  the  so-called  higher  kingdom,  that  no  definite  line  of 

I    demarcation  can  be  drawn  between  them.     It  is  for  this  reason  that  the  reader  is 

j     advised  to  study  Botany  in  connexion  with  Zoology ;  and  it  is  probable  that  a  closer 

I    acquaintance  with  the  structure  and  functions  of  certain  parts  of  plants  will  ultimately 

I    enable  tis  to  trace  more  correct  as  well  as  more  striking  resemblances  between  the 

!     members  of  the  two  kingdoms  than  haye  a0  yet  been  conceived.    For  eatample,  no 

;     nerves,  or  analogues  of  nerves,  have  as  yet  been  found  in  plants ;  and  yet  it  is  quite 

clear  that  not  only  is  a  low  degree  of  vital  sensibility  as  universal  in  plants  as  in 

animals ;  but  that  in  certain  instances,  as  in  the  sensitive  plant,,  it  is  developed  to  a 

'     fer. greater  extent  than  is  perceptible  in  animals  taken  from  the  lowest  point  in  the 

'     scale  of  animal  life. 

This  mode  of  investigation  wiU  give  greater  breadth  and  interest  to  the  study  of 
Natural  History  than  the  more  simple  and  yet  more  difficult  one  of  studying  the 
parts  of  plants  or  of  animals  as  detached  points  bound  together  by  no  universal  law ; 
and  it  is  one,  moreover,  which  tends  to  train  the  mind  to  habits  of  reflection  as  well 
I  as  of  observation.  The  authors  have  endeavoured  to  aid  the  mind  in  this  search  by 
introducing  a  very  large  number  of  microscopic  and  other  illustrative  engravings,  which 
have  the  merit  of  showing  the  extreme  beauty  and  elegance  of  design  existing  in 
the  composition  of  plants,  and  offer  many  new  points  for  analogical  comparison 
.  with  the  exquisitely  minute  structures  of  animals.  A  microscope  is  now 
1^    as  necessary  to  the  naturalist  as  a  telescope  to  the  astronomer. 
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PREFACE. 

In  the  remarks  on  Classification,  the  author  of  the  Treatise  on  Botany  has  been 
drawn,  by  force  of  circumstances,  to  ^ye  much  pi^minence  to  the  Linnsean  system ; 
and  this  is  the  less  to  be  regretted,  since  the  analysis  of  the  system,  and  the  directions 
which  follow  it,  may  suffice  to  enable  the  reader  to  enter  upon  the  study  with  facility, 
and  to  Icam  almost  without  trouble  the  positions  of  nearly  all  the  most  important 
plants  of  native  origin.  He  will  also  find  not  only  that  there  is  a  similarity  between 
plants  and  ft^iiwiftla  from  the  presence  of  vital  functions — ^viz.,  those  of  reproduction, 
respiration,  circulation,  digestion,  growth,  and  decay—but  that  the  very  structures 
which  give  them  bulk  and  form  have  in  many  instances  close  analogical  resemblances. 
Thus  the  simple  cell,  which  is  the  universal  basis  of  animal  structures,  is,  in  like 
manner,  and  in  equal  degree,  the  imiversal  basis  of  vegetable  tissues.  The  thick- 
WftUed  cells  are  very  like  to  bone  cells,  the  milk-bearing  vessels  to  capillary  blood<« 
veaselfl,  and  their  milky  juice  to  the  chyle  or  digested  food  of  .animals.  Many  other 
parts  are  analogous  to  those  of  animals  in  appearance ;  whilst  others,  again,  are  like 
them  in  function. 

In  accordance  with  the  train  of  reasoning  which  this  close  connexion  between 
Plants  and^Animals  suggests,  the  ordinary  method  of  arranging  the  animal  kingdom  has 
been  reversed ;  the  airangemcnt  adopted  having  the  obvious  advantage  of  bringing 
together  those  plants  and  animals  which  so  closely  resemble  each  other  as  to  render  it 
sometimes  doubtful  to  which  of  the  kingdoms  of  Nature  they  belong. 

With  these  few  remarks  we  conclude  the  Natural  History  of  Plants  and  Imver. 
TEBBATXD  Animals.  The  remaining  portion  of  Organic  Nature,  which  embraces  the 
higher  forms  of  animal  organization,  conunencing  with  the  Fishes  and  terminating 
with  Kan,  will  be  concluded  in  another  volume. 


London,  January y  1855. 
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The  objects  which  we  now  proceed  to  contemplate  have  exceeding  interest,  not  only 
in  themselves,  but  in  their  relation  to  the  other  parts  of  this  fair  creation,  and  more 
c^peeiaUy  to  man.  They  were  the  first  vital  existences  which  appeared  when  the  fiery 
mass  which  constitutes  the  earth  had  become  covered  with  a  stony  crust  of  a  cooler 
temperature,  and  they  are  the  last  to  linger  when  the  rigours  of  a  Polar  clime  chase 
away  aU  vitality.  They  are  still  the  sole  inhabitants  of  isolated  spots  on  the  burning 
plains  of  central  Africa,  and  are  the  harbingers  of  animal  life  on  the  remotely  issued 
lava,  and  the  more  recently  emerged  coral  island  of  the  southern  seas. 

They  arc  found  universally  within  limits  bounded,  on  the  one  hand,  by  the  per- 
petual snows  of  the  Arctic  regions,  or  the  sunmiits  of  our  own  Snowdon;  and,  on  the 
other,  by  the  parched  sands  of  tropical  deserts ;  and  cover,  as  with  a  carpet,  the  magni* 
ficent  prairies  of  India  and  America,  the  wild  haunt  of  the  buffalo,  or  jealously  hide  the 
long-lost  cities  of  Assyria,  which  once  teemed  with  wealth  and  myriads  of  human 
beings  as  busy  as  ourselves.  Not  only  do  they  exist  upon  the  surface  of  the  soil, 
but  their  remains  constitute  a  large  part  of  the  soil  itself;  so  that  seeds,  which  subse- 
(luently  germinated,  have  been  thrown  up  from  considerable  depths,  after  having  lain 
buiied  more  than  two  thousand  years.  The  solid  crust  of  the  earth  is  also,  in  part, 
of  vegetable  origin,  as  in  the  instance  of  the  widely-spread  coal-beds,  with  their  remains 
of  primeval  forests.  Moreover,  the  very  air  which  covers  the  earth  is  not  free  from 
these  objects ;  and  the  waters  of  the  rivers  and  the  seas  abound  in  vegetable  life. 

They  offer  the  most  wonderful  diversities  of  features  and  proportions.  There  are 
the  varied  flowers  which,  as  the  daisy  and  buttercup,  form  the  nosegay  of  infancy  and 
the  garland  of  youth ;  as  the  sweet  violet  which,  on  its  mossy  bank,  sheds  perfumes 
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on  the  loyes  of  gentle  maidens ;  as  the  blooming  rose  which  adorns  the  bridal,  and  as 
the  gloomy  cypress  which  guards  the  tomb.  There  are  the  microscopic  mould,  which 
lends  age  to  our  mouldering  ruins;  and  the  gigantic  forest-trees  which,  in  the  penal 
settlement  of  Norfolk  Island,  soar  to  the  height  of  more  than  two  hundred  feet;  or  the 
celebrated  chestnut-tree  of  Mount  Etna,  which  sheltered  one  hundred  horsemen. 

They  exist  of  every  age,  from  the  cell  <of  the  mushroom,  which  perishes  in  an  hour, 
to  the  hoary  Baobad  of  Senegal,  which  is  computed  to  have  lived  since  long  before  the 
days  of  Abraham.  They  quietly  submit  to  the  revolutions  of  centuries,  with  the  changes 
of  clime;  and,  as  in  the  case  of  our  own  England,  when  the  heat  ceases  to  give  life  to 
cocoa-nut  bearing  palm-trees,  and  tree  fBros,  they  graduaJlfy  «ad  silently  appear  as  the 
modest  primrose  or  the  sturdy  oak.  T%£y  had  ineed  long  «zas  of  the  world's  history 
when  no  homaii  belaid  narked  tfaeir  fona;  and  they  will,  donbHess,  bear  testimony  to 
the  progxM0  of  evento  wLtil  time  sbflil  1>e  no  longer.  Tlie  aatiquity  of  the  blade  of 
grass  is  far  higher  tluw  tiud  of  the  noUM  fiunilies. 

Tbej  btse  done  «M«itiBl  service  to  iSie^  luore  highly  endowed  oousiiis  of  the 
aoBiial  kin^donp  by  lumng,  diroctily  or'  iniisectly,  fed  all  aod  elad  nasiy.  They  have 
fofBOfld  the  riifltterof  nMa.  and  animain,  aad  tlM  dud  pirt  of  the  ntena^  and  iaatru* 
ments  of  the  former  ojoce  his  creation ;  and,  even  in  our  day,  are  presenliiig  new 
treasures  of  infinite  value  for  his  use,  as  in  the  lAdia^zobber  and  gutta-percha,  so 
recently  derived  from  their  juices. 

Thus  the  objects  of  our  investigation  should  lose  no  dignity  when  we  remember 
their  remote  antiquity,  their  universality,  variety,  beauty,  and  utility. 

The  consideration  of  these  objects  constitutes  the  science  of  Botany — a  science 
which  may  be  more  exactly  said  to  treat  of  plants^  their  internal  and  external  parts, 
general  and  medical  properties,  geographical  distribution,  and  classijication.  We  purpose, 
in  this  essay,  to  limit  our  attention  to  the  first  and  last  portions  of  the  subject — viz.,  the 
anatomy  and  classification  of  plants. 

History  of  the  Science.— The  various  considerations  which  wo  have  already 
adduced,  may  enable  us  to  conjecture  that  this  science,  in  its  rudimentary  condition, 
must  have  existed  from  remote  antiquity.  If  any  further  evidence  short  of  direct 
proof  were  wanting,  it  might  be  gathered  from  the  pages  of  sacred  history,  in  which  we 
find  a  constant  reference  to  this  division  of  created  existences.  The  first  authentic 
records  on  this  eubject  are  connected  with  the  Grecian  and  Boman  eras,  and  extend  as 
far  back  as  about  the  sixth  century  before  Christ.  The  cultivators  of  the  science  did 
not  then  receive  the  wide  appellation  of  Botanists,  but  the  more  humble  and  restricted 
one  of  Rhizotomy,  or  root-cutters;  since  they  chiefly  directed  their  attention  to  the 
medicinal  properties  of  plants. 

Aristotle,  of  Stagira,  who  lived  in  the  fourth  century  before  Christ,  is  regarded 
as  the  founder  of  the  science  of  botany ;  and  from  his  days,  through  the  Grecian, 
Boman,  and  Arabian  eras,  down  to  the  eleventh  century,  considerable  additions 
were  made  to  their  knowledge  of  this  subject.  Amongst  those  who  cultivated  this 
science  most  successfully,  we  may  instance  Mitibridates,  and  several  Grecian  kings, 
with  the  younger  Juba,  king  of  Mauritania.  These  potentates  established  botanical 
gardens— partly,  no  doubt,  from  the  love  which  they  bore  to  the  science,  but  in  the 
instance  of  some  of  them,  at  least,  more  with  a  view  to  the  cultivation  of  the 
deadly  plants  from  which  the  poisonous  juices  were  derived  which  killed  Socrates, 
and  which,  at  that  period,  was  not  an  uncommon  mode  of  execution.  Tyrtamus, 
of  Lesbos,  who    accompanied    Alexander  the    Great    in   his   victorious    progress 
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through  some  of  the  regions  of  Asia  and  Africa  fdiich  now  acknowledge  tihe 
Bitiflh  sway;  Nicasdep  of  Colc^on,  Gato,  Yairo,  Golumdla,  Yirgil,  Pedadua, 
DioscQzidss  of  Silicia,  who  followed  the  Bomau  azmies  in  their  expeditions  during  the 
fourth  oentury ;  and,  lastly^  the  elder  Pliny.  Tip  to  this  period,  therefore,  we  owe  our 
knowledge  of  botany  to  the  Greeks  and  Romans ;  and  then,  as  now,  war,  notwith- 
standing its  des(dation,  was  made  to  promote  the  interests  of  science. 

The  Arabians,  in  theeleTcntii  century,  were  the  next  cultiyators  of  botany,  as  they 
were  the  most  learned  people  then  existing.  After  them  the  darkness  of  the  middle 
ages  set  in,  during  which  no  scienoe  was  cultivated,  except  by  a  monk,  here  and  there, 
secluded  in  his  gloomy  cloister ;  and  it  was  not  until  the  rise  of  the  illustrious  Marco 
Polo,  of  Venice,  that  the  darimess  became  dispelled.  He  examined  the  treasures  of 
middle  and  southern  Asia,  and  the  eastern  coasts  of  Africa,  and  described  plants  from 
India  and  the  Indian  Ocean.  From  his  days  to  the  present  the  science  has  progressively 
advanoed ;  first,  in  the  addition  to  our  knowledge  of  the  names  of  plants,  and,  secondly, 
of  their  structure  and  physiology.  The  Italians,  and  then  the  Germans,  in  the  sixteenth 
century,  rendered  good  service  to  the  science,  as  did  also,  at  the  same  period,  the  Por- 
tuguese by  their  conquests  in  India,  and  the  Spaniards  by  their  discovery  of  America. 
From  this  and  the  succeeding  century  the  science  of  botany,  as  it  is  now  under- 
stood, may  fairly  be  dated ;  since  then,  for  the  first  time,  an  attempt  was  made  to 
classify  the  plants  whi(di  had  been  discovered  and  named,  and  the  microscope  enabled 
them  to  analyze  the  minute  structures.  Our  own  country  now  claims  a  distinguished 
share  in  the  honours  of  discovery.  The  Society  of  London  for  the  Promotion  of  Science, 
which  was  Hberally  supported  by  Charles  the  Second,  gave  much  attention  to  the  sub- 
ject, and  more  particularly  its  secretary,  Nehemiah  Grew,  who  published  his  observa- 
tions on  the  "Anatomy  of  Plants"  in  1682.  Another  of  our  countrymen,  Robert 
Moriaon,  Professor  at  Oxford,  distinguished  himself  in  the  departm^it  of  classification,  by 
the  publication  of  various  works,  and  especially  of  his  "  Historia  Plantanim.  Universalis," 
with  platets,  in  1715.  He  was  quickly  followed  by  a  yet  moie  distinguished  man, 
John  Bay,  an  English  clergyman,  who  enunciated  the  true  principles  of  classification, 
and  demonstrated  the  sexual  characters  of  plants.  Dr.  Hans  Sloane,  the  President  of 
the  Royal  Society,  who  died  in  1753,  and  John  Parkinson,  the  Superintendent  of  the 
Medicfld  Botanical  Garden  at  Chelsea,  and  several  saccesson  of  the  latt^,  were  honour- 
ably distinguished. 

We  have  not  space  to  enumerate  even  the  most  distinguished  names  which  have 
adorned  this  science  during  the  past  two  centuries.  It  must  suffice  to  state  that  the 
great  Linnseus,  a  native  of  Sweden,  is  by  for  the  most  eminent,  and  established  the 
sexual  system  whieh  now  bears  his  name.  After  him  came  De  Saussure  and  Du 
Hamel^  link,  Rudcdphi,  Mirbel,  Kieser,  Schleiden,  Darwin,  and  Quekett,  in  reference 
to  anatcony  and  phycdology,  and  Jussieu,  De  Candolle,  Robert  Brown,  Sowerby,  Sir 
J.  £.  Smith,  Sir  W.  Hooker^  Sir  J.  Paxton,  and  Lindley,  in  reference  to  classification. 
No  coontay  has  a  greater  claim  to  boast  of  the  advantages  which  it  has  rendered  to 
botanical  scieiioe  than  our  own.  It  has  established  the  best  botanical  gardens,  as  the 
RoyalQttdeai  of  Sew  andof  Hampton  Court,  and  the  Medical  Botanical  Gardens  at 
Chelsea ;  and  it  has  led  the  way  in  the  investigation  of  minute  structure.  At  the 
present  moment,  it  claims  a  muMtade  of  most  distinguished  men  labouring  in  one  or 
other  of  the  departraents  of  the  same  fidd. 

Sefinition.  oC  a  Plant. — Definitions  are  at  all  times  difficult,  and  not  the  less  so 
that  they  appear  easy.  In  this  instance,  as  the  tlnree  great  kingdoms  of  natare  pass 
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80  insensibly  the  one  into  the  other,  it  is  impossible  to  show,  with  rigorous  certainty, 
where  the  one  ends  and  the  other  begins.  It  is  a  curious  fact  that,  as  science  is 
extended  and  knowledge  is  increased,  our  difficulties  arising  firom  ignorance  are 
increased  in  at  least  an  equal  proportion.  Years  ago  the  definition  of  a  plant  was  not 
considered  impossible ;  but  now  he  would  be  thought  a  rash  man  who  should  attempt 
a  satisfactory  definition  of  a  mineral,  a  plant,  or  an  animal.  This  is  one  of  the 
eyidences  that  knowledge  was  intended  to  humble  us  by  showing  us  our  ignorance. 
The  saying  of  Linnssus, — ^that  minerals  grow,  plants  grow  and  live,  animals  grow,  live, 
and  feel, — ^is  now  held  to  be  an  insufficient  definition.  The  value  of  this  terse  mode  of 
expression  is  concealed  in  the  assumption  that  the  properties  thus  added  in  succession 
do  not  belong  in  any  degree  to  the  classes  preceding.  Thus  all  three  classes  grow,  but 
only  two  live,  and  only  one  feels.     This  is  now  known  to  be  incorrect.     Thus,  certain 

plants  not  only  grow  and  live,  but  feel, 
as  in  the  instance  of  the  mimosa,  or 
sensitive  plant,  which  closes  its  rows  of 
leaves  on  a  slight  shock,  or  the  Dionaa 
mtiscipulay  Venus'  fly-trap  (Fig.  1),  the 
leaf  of  which  folds  up  and  incloses  any 
unhappy  fly  which  may  alight  upon 
the  three  hairs  (A).  The  disposi- 
tion of  most  flowers  to  seek  or  shun 
the  sunlight,  and  of  the  ears  of  com  in 
the  growing  corn-field  to  droop  when 
the  sun  has  set,  might  be  adduced  as 
instances  in  proof  of  the  sensibility, 
apart  from  the  mere  vitality,  of  plants. 
But  in  addition  to  this,  it  is  well  known 
that  the  spores,  or  undeveloped  young 
plants  of  Conferva  and  of  sea-weeds  (Fig. 
2)  move  about  by  the  action  of  their  own 
ciliaor  hairs,  until  they  have  found  a  rest- 
Fig.  1.— DioNJEA  uvBcirvuL,,  OR  Vkkub*  PLY-TRAP,  iug-placc  to  wMch  to  attach  themselves. 
A,  the  three  sensltiye  hairs  on  the  expanded  leaf.  Thus  we  may  add  a  degree  of  locomo- 
V  B,  a  fly.entrapped  by  the  folding  of  the  lobes  of  the  ^^  ^  ^^  quaUties  of  plants,  and  say 

that,  in  some  instances,  they  grow, 
live,  feel,  and  move.  On  the  other  hand,  the  sponges  (Fig.  3),  in  their  developed  state, 
are  denied  the  faculty  of 
locomotion,  although  l^ey 
undoubtedly  belong  to  the 
animal  kingdom. 

These  characters  having 
failed  to  mark  the  distinc- 
tion between  plants  and 
animals,  it  has  been  stated 
that  an  internal  stomach, 
and  the  chemical  prin- 
ciple called  nitrogen  or 
azote,  4re  found  in  animals  only;   but  this  is  incorrect, - 


Fig.  2. 

Ciliated  spores  of  the  Confertce^ 
which  at  this  stage  of  develop- 
xnent  have  a  degree  of  loconio- 
tion  by  means  of  the  hairs  or 
cilia  attached  to  them. 


Fig.  3.— Sponge. 

.  The  sponge  as  it  is  found  growing 
and  attached  to  a  rock. 


-since" the  sponi^e  has 
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no  mtonial  stomach,  and  nitrogen  is  present  in  the  seeds  of  almost  aU  plants.  More 
rwjently,  it  has  been  averred  tfiat  the  presence  of  a  secretion,  or  product  known  as  stanOi 
(F,g.  4),  would  clearly  establish  the  existence  of  vegetables;  but  recent  microscopic 
researches  have  shown  that  staroh  is  also  met  with  in  the  lower  classes  of  animals, 


Fiff.  4. — Section  of  a  potato,  showinp  the 
grains  of  starch  inclosed  ivithin  cells. 


Fig.  5.— Varieties  of  DKSMiDirs,  or  Sea-Wekds. 

A,  clusters  ot  Protococcus  viridis. 

B,  filament  of  Schizogonium  murale, 

C,  a  similar  filament,  subdividing  laterally  at  D. 


and  in  the  brain  and  spinal  cord  of  the  higher  animals,  and  even  of  man  himself.  Lastly 
certain  of  the  Algm,  or  sea-weeds,  as  the  Deamtdiecc  and  Diatotnai^ea  (Fig.  5),  are  still 
claimed  equally  by  the  botanist  and  the  zoologist. 

Thus  simple  as  at  first  sight  it  might  seem  to  state  what  a  plant  is  as  distinguished 
from  an  animal,  we  find  it  impossible  to  distinguish  the  lowest  plant  from  the  lowest 
animal ;  and  have  therefore  no  alternative  than  to  say  that  we  cannot  give  an  unim- 
peachable definition  of  a  plant. 

Definition  o€  the  Subject* — We  shall  assume  that  our  readers  can  recognise  a 
plant,  although  we  cannot  define  it,  and  proceed  to  a  description  of  those  various  parts 
of  which  a  plant  is  composed,  and  of  the  arrangement  of  plants  into  classes.  These 
two  branches  of  the  subject — viz.,  structure  and  classification— have  a  necessary 
dependence  upon  each  other ;  for  the  idea  of  classification  implies  that  certain  members 
have  some  properties  or  parts  in  common — such,  for  instance,  as  the  leaf  or  flower ;  or 
in  other  words,  that  their  structure  corresponds.  Therefore  a  knowledge  of  structure 
is  essential  to  classification ;  and  before  we  describe  the  latter,  we  must  indicate  the 
internal  and  external  parts  of  which  plants  are  composed. 

ANATOMY  OR  STRUCTUBE  OF  PLANTS. 

ZSLementaxy  Tissues. — In  proceeding  to  a  consideration  of  the  anatomy  of 
plants,  it  will  be  evident  that,  as  plants  in  general  have  external  organs,  as  leaves  and 
flowers,  so  must  they  have  more  minute  parts  of  which  these  organs  are  composed. 
These  will  correspond  with  the  flesh  and  bones  of  the  various  parts  of  our  body,  and 
are  termed  "  elementary  tissues."  We  shall  take  them  first  in  order,  since  they  are 
formed  before  the  organs  can  be  developed.  They  will  also  furnish  us  with  drawings 
of  some  of  the  most  exquisitely-minute  beauties  of  nature. 

FonnatiTe  rinid.— But  as  the  formation  of  a  leaf,  for  example,  implies  the 
previous  existence  of  elementary  tissues,  so  does  the  presence  of  an  elementary  tissue 
imply  the  production  of  a  material  fluid,  out  of  which  the  elementary  structure  was 
formed.  This  latter  is  called  the  "  formative  fluid,"  or  "  organic  mucus,"  or  "  cambium," 
or  "  organizable  matter"  (all  of  which  terms  have  the  same  original  signification),  and 
is  the  sole  source  of  production  of  every  tissue  found  in  plants.     It  is,  in  this  respect, 
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nmilar  to  the  Uood  of  tniinals ;  for  that  flmd  is  t^e  sotmce  of  all  the  'Siilid  parts  of  the 

hody.      It   is   semi -transparent   and   semi-fluid  in  the 

internal  parts  of  many  plants,  and  of  young  pktnts,  and  those 

with  thick  leayes,  more  particularly.     In  this  condition  it 

is  also  found  in  great  abundance  between  the  bark  and 

the  wood  of  all  trees  in  the  early  spring  months ;  and  then 

separates  those  parts  (A,  Fig.  6),  so  as  to  permit  the  bundles 

of  young  wood  to  pass  down  from  the  leaves,  and  thus 

enable  the  tree  to  grow.     It  is  under  these  circumstances 

that  the  woodman  strips  the  bark  from  trees  which  are  to  be 

cut  down,  since  then  it  does  not  adhere  to  the  wood.     The  Fig.6.— Section  of  the  stem  of  a 

fluid  is  termed  cambium  in  this   situation.      When  this     5«e»  tt\e  'white  line  showing 

«         ^.      ^   -J  •         X     'XT-  •    Ai-      _j.        1       -X      r    1^  A        "*®   oolowrlesB  cambium,  or 

formative  fluid  is  met  with  m  the  external  parts  ot  plants,     formatire  fluid,  deposited  be- 

it  is  still  semi-transparent ;  but  it  is  then  solid,  as  may  be     *^«f»  the  bark  and  the  wood 
,  ,,  .       ^^        _j,         ^vix>  m  the  early  spring, 

observed  by  scraping  the  surface  of  a  box-leaf. 

ElemeatMPy  MeniAvane.— The  first  step  in  the  formation  of  any  tissue  from 
this  formative  fluid  is  the  production  of  a  solid  Btructureless  fabric,  called  elementary 
membrane,  and  a  modification  of  that  fabrio  termed  elementary  flhn.  It  will  be  ob- 
served that  these  elementary  parts  are  sfructorekis,  and  are  produced,  apparently,  by 
inspissation  or  thickening  of  the  formative  fluid.  The  process  may  be  groesly  iUnstimted 
by  a  reference  to  the  manufacture  of  paper,  in  which  the  rag-pidp  {viz,,  sags-toim  into 
threads  and  soaked  in  water)  corresponds  to  the  fonnative  fluid,  and  1^  paper,  which 
is  snbsequently  produced,  to  the  elementary  membrane.  The  paper  thus  obtained  is 
fitted  for  the  manufacture  of  books,  and  other  articles ;  and,  in  like  manner,  the  ele- 
mentary  membrane  is  the  solid  material  out  of  whioh  vegetable  tissues  axe  foxined. 

Mementary  membrane,  then,  as  in  Fig.  7,  is 

stnictorelBss ;  but,  thevvetioally,  it  is  assmned  to 

consist  of  a  layer  of  rovmded  partioleB,  which  Ue 

side  by  side,  and  leave  most  minute  spaces  between 

them.  This  must 

be  so,  when  we 

reflect  that  all 

fluids,  including 

the     formative 

fluid,  are  made 

up  of  rounded 
drops,  with  spaces  between  them ;  and  that  when  a 
fluid  is  inspissated  the  drops  are  brought  closer  toge- 
ther. Thus,  whilst  evident  openings  arenotnaturaUy 
met  with  in  membrane,  except  as  shown  by  Pro- 
fessor Quekett,  in  the  leaves  of  a  moss  called  sphag- 
num (Fig.  8),  it  must  be  highly  though  invisibly  po- 
rous, and  permit  certain  fluids  to  filter  through  it. 

It  is  at  first  thin  and  translucent,  as  may  be 
seen  in  the  membrane  covering  the  seed  of  the 
gourd  (Fig.  7) ;  but  in  many  cases  it  subsequently 
becomes  thicker  and  more  opaque.  In  the  struc- 
tures of  the  ferns  {Jilieea)  it  assumes  a  decidedly  brown  colour ;  and  in  the  claters  of 


Fig,  7. — Cells  of  Epidkrmir,  from  the 
Med  of  the  Gourd. 


fig.  6.— Leaf  of  theSrHAxiirux,  showing 
at  a  the  natural  openings  through  the 
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the  JungtrmanniOy  a  kind  of  moss  (Fig.  10),  it  is  of  a  beautiful  red  colour;  these  yaiiaticHis, 
and  especially  in  thickness,  result  from  the 
altered  duties  which  it  is  required  to  perform. 
Thus,  in  the  structure  of  bark  and  fruits,  it  is 
not  merely  thickened,  but  is  lined  by  a  deposit 
of  hard  sedimentary  matter,  of  gpreat  power 
of  resistance,  in  order  to  increase  its  strength 
and  to  resist  decomposition.  This  hardened 
tissue  is  called  aclerogeriy  or  hard  tianrae  (Fig*  9). 
In  less  extreme  cases  the  deposit  is  in  nmeh 
smaller  quantity,  and  appears  only  as  mmote 
grains  scattered  over  the  surface.  Sueh  is 
the  case  in  the  pith  of  the  elder  (Sambwus 
niger — Fig.  11).  A  yet  more  interesting  in- 
stance of  this  scattered  mode  of  depent  is 
found  in  the  hairs  of  the  fornix  (a  part  of  the  flower)  of  the  Anehmaa 
italica  (Fig.  12).  These  are  covered  with  a  series  of  tubercles,  which 
are  nothing  more  than  isolated  masses  of  a  new  deposit.  In  other 
instances  still,  the  thickening  of  the  membrane  appears  to  have  been 
produced  by  a  deposit  of  the  ordinary  transparent  organic  mucua  of 
which  it  was  originally  composed,  and  stiU  remains  transparent,  and 
beyond  this  differs  only  from  ordinary  membrane  in  that  this  new 
matter  is  laid  on  unequally,  and  certain  transparent  spaces  are  found 
where  the  deposit  has  not  taken  place.    These  spots  are  oftentimes 


Fig.  9.  —  Thick  walkd 
cells  of  the  Pinta  Web- 
hiatutf  showing'  the 
amount  of  deposit  be- 
tween the  cavity  a  and 
the  oater  cell  walL 


.  10.— Fibres 
the  JnngeT' 
mannMcroffliiig 
each  other  spi- 
rally, and,  in 
their  natural 
state,  of  a  red 
colonr. 

found  arranged 


Fig.  11.— Pith  of  the  Eldie  {Sambucus 
niger),  showing  the  dotted  tissue. 


fig.  12.— Tuber- 
cles on  the  hair 
of  the  fornix  of 
the  Anchusa 
Italica. 


Fig.  13.— Section 
of  the  stem  of 
the  ViNK  ( VU 
its  Vinifera), 
showing  the 
vacant  spaces 
or  dotted  tissue 


Fig.  14.— Elementary 
fibre  free  from  mem- 
brane. 


with  great  regularity,  and  sometimes  in  a  spiral  manner ;  so  that  the  tissue  becomes 
one  of  the  most  beautiful  of  vegetable  microscopic  objects.  Such  tissue  is  termed 
**  dotted"  tissue,  and  is  found  in  most  plants,  but  more  particularly  in  the  common  cane 
{Rattan),  andjthe  vine  ( Vitia  vinifera—Yig.  1 3) .  The  use  of  this  tisereie  is  not  well  known. 
Sleiaentazy  Fibxe  (Fig.  14)  is  not  formed  from  membrane,  as  though  the  latter 
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were  cut  up  or  drawn  out  into  threads  of  almost  inconceivable  fineness,  and  therefore  a 
production  of  memhrane ;  but  both  it  and  the  elementary  membrane  are  alike  formed  out 

of  the  formative  fluid.  Moreover,  it  is  not  regarded 
as  a  substance  separate  from  membrane,  but  as  a 
deposit  upon  one  side  of  a  pre-existent  mem- 
brane. Whenever  it  is  found  detached  from 
membrane,  we  must  assume  that  the  membrane 
which  supported  it  has  been  removed,  or  that 
it  has  detached  itself  from  the  membrane.  This  is 
admirably  shown  in  Fig.  15,  in  which  the  fibre  is 
in  process  of  being  denuded  by  the  destruction  of 
the  membrane.  It  is  usually,  perhaps  invariably, 
solid,  and  commonly  has  a  rounded  figure.  It  is 
also  transparent,  except  in  a  few  cases,  as  in 
those  of  the  Jungermannia  before  refen-ed  to, 
(Fig.  10.)  Its  use  is  clearly  that  of  supporting  the 
more  extended  membrane,  and  of  preventing  any 
folds  of  it  from  approximating  too  closely  to  each 
othei . 

Cellular  Tissue,  or  Parenchyma.— 
Fig.l5-Tube  from  the  Ricinus  Com-  Having  now  considered  the  *'raw  material"  we 
MUNIS,  or  ca»tor-oil  plant,  showing  the  jn^r  nroceed  to  describe  the  structures  which 
fibre  at  a,  and  the  edge  of  the  broken  ^      ^        ,  «         -i.      rpi,^„^  o<-«,«+„^«n  ««>  -«-r»,^ 

enclosing  membrane  at  &.    Magnified    are  produced  from  it.     These  structures  are  very 

200  diameters.*  varied  in  appearance,  and  are  ultimately  applied 

to  very  varied  purposes ;  but  yet,  in  accordance  with  the  simplicity  which  marks  all 
the  works  of  God,  all  this  may  be  reduced  to  one  tissue,  a  structure  which,  in  addition 
to  its  being  the  fundamental  tissue,  is,  in  its  own  proper  form,  the  most  widely  dis- 
tributed of  all  tissues.     This  is  termed  Cellular  tissue,  to  signify  that  it  is  made  up  of 


^m 
^ 


Fig.  16.— Detached  Cells.  .  . 

a,  cells  of  the  yeast  plant  ( Torula  cerevt»i(c) 
with  their  granular  contents. 

6,  the  same  cells  in  process  of  forming  new 
cells,  as  seen  by  the  bulgings.  . 

c,  similar  cells  of  the  sugar  plant  found  m 
the  urine  in  diabetes. 


Fig.  17. — Cells  with    Fig.  18.— Sascina,  magnified 


only  two  attach-        800  diameters,  found  in  the 
mcnts.  stomach  in  states  of  disease. 

It  is  a  vegetable  of  low  or- 
ganization, and  resembles 
somewhat  the  ornament  for- 
merly worn  on  the  breast  of 
the  Jewish  high-priest.  It 
consists  of  a  mass  of  cells, 

hollow  cases  or  cells.     It  is,  moreover,  that  tissue  which  is  the  first  found  in  aU  plants. 
*  This  and  a  large  portion  of  the  subsequent  drawings  have  been  made  from  original  specimens 
Others  ha^e  been  derived  from  vai-ious  sources,  and  more  particularly  from  the  excellent  lectures  of 
Professor  Quekett,  delivered  at  the  Royal  College  of  Surgeons. 
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Fip.  19.— Orange. 
a,  the  cell-wall. 


The  cells  of  which,  it  is  composed  may  be  either  detached  wholly  or  partially  (Fig. 
16),  or  be  more  or  less  conjoined  in  masses,  (Figs.  17  and  18).  Their  characters  aie  of 
course  the  best  seen  when  they  are  detached  from  each  other. 

The  only  difficulty,  if  any,  in  reference-  to  tissue  is  in  obtaining  a  correct  idea  of 
the  simplest  of  all  structures— the  cell.  This  may  be  likened  to  an  orange  (Fig.  19), 
when  the  rind,  a,  will  correspond  to  the  cell-wall,  or  boundary  of  the  cell,  and  the 
juicy  part,  i,  will  represent  the  contents  of  the  cell.  Thus  an 
orange  is  a  cell  on  a  large  scale.  Or  it  may  be  compared  to  a 
fowl's  egg,  when  the  shell  will  represent  the  cell-wall,  and  the 
white,  with  the  yolk,  the  contents  of  the  celL  The  egg,  therefore, 
and  all  similar  inclosed  bodies,  are  magnified  cells.  But  the  egg 
has  other  points  of  resemblance  to  the  cell.  Thus,  if  the  white 
of  the  egg  be  drawn  from  the  shell  through  a  small  hole,  so  that 
the  latter  shall  remain  empty  (a  process  very  familiar  to  school- 
boys), we  may  form  a  just  estimate  of  the  cell- wall  as  separate  j'  the  ^contents  of  the 
irora  its  contents.  A  cell  in  botany,  therefore,  consists  of  a  cell-  '^®^* 
wall  and  contents,  although  it  be  so  small  as  to  be  undiscemible  by  the  unaided  sight. 
We  have  already  stated  that  cellular  tissue  is  formed  from  elementary  membrane ; 
and  therefore  the  cell-wall  is  nothing  more  than  elementary  membrane  folded,  with 
the  edges  adherent  together,  so  as  to  be  able  to  inclose  the  contents. 

The  contents  of  cells  are,  however,  of  another  nature,  and  are  not  produced  from 
elementary  membrane.  They  are  of  three  kinds.  1st,  a  substance  lining  the  innw 
side  of  the  ceU-waU,  as  illustrated 
by  the  white  of  egg,  and  called  the 
primordial  utricle  of  Mohl.  It  is 
well  shown'  by  the  shading  in  Fig. 
20,  A.  This  substance  is  of  ex- 
ceeding importance  in  the  develop- 
ment and  growth  of  the  cell,  and  in 
the  production  of  its  other  contents. 
2nd,  a  roundish,  tolerably  -  large 
body,  or  nucleus,  or  cjrtoblast,  re- 
presented in  Fig.  21,  b,  met  with 
in  various  parts  of  the  cell,  but 
usually  near  to  some  part  of  the  cell- 
wall.     This  may  be  likened  to  the 

yolk  of  the  egg,  and  bears  the  like  degree  of  importance  to  the 
other  parts  of  the  cell  that  the  yolk  bears  to  the  egg.    3rd,  cer- 
tain lesser  bodies  varying  in  size,  shape,  and  nimiber,  termed 
nucleoli,  formed  within  the  nucleus. 

It  appears  that  the  nucleus  is  a  central  point  of  all  actions  proceeding  within  the 
cell,  but  that  the  primotdial  utricle  is  the  efficient  agent.  All  these  parts  may  be  fami- 
liarly and  readily  observed  in  the  common  strawberry  (Fragaria),  or  the  mistletoe  berry 
(Viscum  album),  or  any  other  juicy  fruit.  We  assume  that  our  readers  have  a  smaU 
microscope  of  some  kind,  which  may  be  obtained  for  a  simi  varying  from  £2  to 
£4  of  any  respectable  optician,  with  pieces  of  glass  and  other  apparatus  needful 
for  microscopic  observation.     Take  then,  with  the  point  of  a  needle,  a  piece  from  the 


Fi?:.  20.  — Cell  after 
Unger.  The  out- 
lines, C,  are  intend- 
ed  to  represent  the 
boundary  of  the  cell, 
or  the  cell-wall. 

B  is  the  central  nu- 
cleus or  cytoblast. 

A,  the  lining  of  the 
cell-wall  or  the  pri- 
mordial utricle  of 
Hohl. 


Fip.  21.— Cells  from  the  flower- 
ing stem  of  the  leek  {Allium 
Porrum), showing  at  a  the  cell- 
wall,  and  at  b  the  nucleus 
and  the  nucleoli.  The  other 
contents  of  the  cell  are  trans- 
parent. 


centre  of  the  strawberry,  not  larger  than  a  pin's  head;  place  it  in  the  glass  slide. 
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Fipr.  22.— Cells  from  tlie  Straw- 
berry, showing  their  oval 
shape,  loose  connexion,  large 
nucleus,  and  translucent 
walls. 


and  add  a  drop  of  water.  Pull  it  to  pieces  by  the  help  of  two  needles,  and  then,  oorer 
it  with  thin  glass,  and  place  it  nnder  the  microscope.  It 
will  be  found  to  consist  of  a  mass  of  large  cells  (Fig.  22), 
with  transparent  walls,  and  a  slightly  coloured  fluid,  in- 
closing the  large  rounded  nucleus.  It  is  of  importance 
to^obtain  clear  notions  of  a  ceU,  since  it  is  the  foundation 
of  all  other  tissues,  and  since  it  contains  the  staish  and 
all  other  secretions  of  plants. 

The  figure  of  the  cell  is  unimportant,  and  Taries  very 
greatly.  It  is  believed  to  be  generally  accidentel,  as  the 
phrase  is, — ^the  accident  being  that  of  pressure :  nottkait  by 
the  term  *'  accident"  is  meant  tiiat  the  figure  is  a  maftter  of 
chance ;  for  in  certain  parts  of  plants,  as  in  the  pith,  for 
example,  the  figure,  whatever  it  may  be,  is  ahra3rs  the 
same.  If  pressure,  therefore,  in  such  cases  be  the  efficient 
cause,  it  is  exerted  in  determinate  degrees  and  directions  in  the  various  parts  of  plants. 
When  the  schoolboy  blows  bubbles  of  soap-and-watcr  he  makes  rounded  cells,  because 
the  walls  are  of  equal  weight,  and  the  pressure  of  the  air  of  an  even  degree  all  round. 
If,  however,  a  drop  of  water  be  attached  to  the  bubble  it  will  destroy  its  Bouaded 
form,  and  elongate  it  in  the  direetion  of  the  earth,  rendering  the  ©eil  more  or  less  oval. 
But  if  the  same  soap-and- water  be  well  shaken  in  a  half-filled  bottle,  the  imequal 
pressure  will  drive  the  cells  together,  and  render  them  distinctly  six-sided. 

This  little  experiment  will  convince  the  reader  that  the  figure  of  the  cell  does,  in  a 
great  degree,  depend  upon  pressure,  and  that  it  may  be  altered  as  tiie  direction  or 
degree  of  pressure  is  changed. 

So  also  in  plants  when  each  ceH  is  detached  from  every  other,  as  in  dectnnposiiig 
vegetable  infusions ;  or  as  in  the  yeast  plant  {Tontla  C5?r«>wt>— Fig.  16),  the  form  is 
spherical  or  ovoid  j  when  it  lies  loosely  in  juicy  firuits,  as  in  the  strawberry  {Fragaria — 
Fig.  22),  it  is  large  and  nearly  round  j  when  two  or  more  cells  are  attached  end  to  end, 
as  in  the  mushroom  (Fig.  23),  they  are  ovoid  or  elongated; 
and  when  they  are  numerous  and  inclosed  in  a  common  skin 
or  bark,  they  become  more  or  less  six-sided,  as  in  the  pulp 
of  the  orange  (Citrus) ^  from  mutual  and  surrounding  pressure 
(Fig.  24) .  It  will  then  be  readily  understood  that  the  figures  of 
cells  may  be  innumerable ;  but  experience  has  shown  that  hexa- 
gonal and  octagonal  forms  are  those  which  most  abound.  These 
are  the  forms  observed  almost  uni- 
fc't^  c-  '^^^Jc'^  Dn"tlo%  versally  in  pith,  cuticle,  leaves,  flow- 
%^W^mMMi  ers,  and  fruit ;  but  it  should  be  re-  ««'•  23.-CKoid  cell,  of  the 


T  ig.  24.— Hexagonal  cells. 


lessen  tial. 

most 
b  pro- 
ceeds from  a  more  determinate  source;  viz.y  tie  direction 
of  the  growing  process.  This  is  readily  understood,  if  we 
imagine  a  spherical  cell  in  which  the  growing  process 
is  not  equally  carried  on  all  over   it,    so  that  it  may 


continue  to  grow  spherical ;  but  whilst  the  process  is  arrested  at  one  point  it  proceeds 
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Fig.  25. — Elongated  cells  of  a  nmsliroom 
{Boletvs)  resembling  tubes. 


Fig.  26.— Diagram  showing 
a  series  of  cells  which,  by 
the  breaking  up  of  their 
partition  walls,  are  form, 
mg  a  tube. 


5& 


^S^ 


-i~T 


Oin 


JZH 


Id 


at  MQ  opposite  one.    This  will  terminate  in  an  elongated  cell,  such  as  those  observed  in 

the  mushrooms  {Fungi — 
Fig.  23),  and  more  parti- 
cularly in  a  gigantic  kind 
of  mushroom  termed  the 
Bokius  (Fig.  25),  in  which 
the  length  of  the  cell  ex- 
ceeds the  breadth  by  many 
diameters.  In  this  mode 
it  is  conceivable  that  a 
tube  might  be  formed 
from  a  single  cell,  or  from 
a  series  of  cells,  if  placed 
end  to  raid,  and  the  parti- 
tions broken  down,  al- 
though no  satisfactoiy 
illustration  of  this  mode  of  conversion  of  cells  into  tubes  has  yet  been  diseoveved 
(Fig.  26). 

The  terms,  oblong,  kbed,  sqfoare  (Fig.  27),  murifbrm  (Fig  28),  prismatical,  cylin- 
drical, compressed,  sinuous  (Fig.  30),  and  stellated,  have, 
amongst  others,  been  devised  to  indicate  other  forms  of 
cells  than  tiiese  abore  indicated. 

The  cell  varies  as  greatly  in  size  as  its  figure ; 
so  that,  on  the  one  hand,  they  may  be  seen  by  the 
naked  eye,  as  in  the  pulp  of  orange,  lemon,  or  shad- 
dock ;  on  the  other  they  are  so  minuto  that  it  is  neces- 
sary to  examine  them  with  a  high  magnifying  power. 
The  limits  of  variation  are  -^  and  -^^  parts  of  an  inch  in  diameter. 

Some  form  of  cellular  tissue  constitutes  the  whole  of  most  of  the  lower  classes  of 
plants,  as  the  ^<n^»;  and  in  all  other  plants  it  is  found  in  the  roots,  orsubtcfranoan  stems 
(as  the  potato,  radish,  and  tur- 
nip) ;  in  bark,  pith,  leaves,  flowers, 
seeds,  and  fruit.  The  cuticle  of 
leaves,  in  general,  is  furnished 
with  cells,  having  a  sinuous  or 
wavy  outline,  thence  termed  the 
sinuous  variety  (Fig.  29). 

The  most  interesting  variety  of 
cell  is  that  termed  stellate,  or  star- 
like, from  the  radiating  form  which 
it  assumes.  This  is  well  seen  in  the 
rush  (Fig.  30),  in  the  sweet-burr 
reed  {Spargtmium  ra>nosum—Fig, 
29),  in  the  yellow  water-lily  (Nu- 
phar  lutea),  and  in  many  other 
water-plants  of  loose  tissue.  We  have  also  met  with  a  beau- 
tifiil  illustration  of  it  in  the  partitions  of  the  ceUs  constituting  the  thick  central  parts 
of  tile  long  leaves  of  the  Banana  tree  {Mma  paradisaka).    The  construction  of  this 


Fig.  27. 
Cubical    or 
square  cells. 


Fitr.  28.  —  Muri. 
form  MlU%.  or 
wltoiwwmiHiig 
tbeMotolB  a 
w»U. 


Fig.  29.  --  Very  irregular 
stellate  cells  from  the  ifoot- 
stalk  of  a  leaf  of  the  sweet- 
burr  reed  (Sparganium ra- 
momtm),  snowing  the  la- 
eunofy  or  inter-spaces  at  o, 
bounded  by  the  cell  walls. 


Fig.  30.— Star-shaped  cells 
of  regular  character,  Aram 
the  stem  of  a  rush,  having 
Incunte  at  a,  bounded  by 
cell-walls,  and  the  union 
of  the  cells  indicated  by  the 
transverse  line  at  the  mid- 
dle of  each  arm  or  ray. 
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Fig.  31.— The  fibrous  strnctare  of  the 
fowl's  egg-shell,  almost  exactly  simu- 
lating the  cells  of  the  Boletus  (Fig.  25). 


from  of  tissue  is  simple,  and  results  from  a  puckering  inwards  of  the  cell-wall  towards 

the  centre.  If  an  orange  be  cut  through,  and  the 
contents  partly  removed,  and  the  rind  be  then 
pressed  by  two  or  three  fingers  and  a  thumb  until 
the  projected  portions  approach  the  centre,  we  may 
form  a  correct  idea  of  this  form  of  tissue.  Some- 
thing more,  however,  is  necessary. 

Zntez-cellnlar  Spaces.— When  a  number  of 
cells  are  pressed  closely  together,  so  closely  even  as 
to  cause  them  to  assume  the  form  of  a  many  (say 
twelve)  sided  figure,  there  will  yet  be  spaces  of 
triangular  shape  at  each  comer,  at  which  the  walls 
do  not  absolutely  touch.  These  are  termed  inter, 
cellular  spaces,  and  are  the  larger  by  so  much  as  the 
cells  are  not  closely  applied  to  each  other.  When 
these  inter-ceUular  spaces  are  placed  one  over  the 
other  for  some  distance,  they  constitute  inter-cellular  passages, 
and  are  very  abundant  in  all  aquatic  plants.  The  relation  which 
the  inter-cellular  spaces  bear  to  the  stellate  cells  is  this,  that 
when  the  cell-wall  is  pressed  inwards,  in  various  direc- 
tions, towards  the  centre 
of  the  cell,  the  cell  seems 
to  be  reduced  to  a  series 
of  arms  (Fig.  30),  whilst 
the  spaces  between  the 
cells  now  appear  to  be  a 
series  of  cells  themselves 
(Fig  32).  These  enlarged 
inter-cellular  spaces  are 
termed  lacwide. 

The  uses  of  the  inter- 
cellular spaces  and  pas- 
sages are  of  great  importance,  since,  in  aqua- 
tic plants  (in  which  they  chiefly  abound),  they 
contain  the  air  which  imparts  buoyancy,  and  re- 
tains it  on  the  surface.  This  fact  may,  in  some 
account  for  the  great  size  of  these  spaces  in  many  aquatic  plants  (Fig.  33). 


faL_^ 


C3C 

Fig.  32.  —  Varikqatkd 
CottNCsMASCUUE,  show- 
ing the  formation  of  in- 
ter-cellular spaces  in 
disease. 


Fig.  33. — Air-chamhers  of  an  aquatic 
plant— the  Limmocharis  Pluuibri,  ex- 
hibiting extreme  regularity  of  form. 


In  other  plants,  their  use  is  chiefly  that  of  a  depository  of  secretions. 

Before  concluding  our  account  of  cells  we  must  briefly  refer  to  some  modifications. 
The  Dotted  Cell  differs  from  the  ordinary  cell  only  in  having  been  constructed  from 
dotted  membrane  in  place  of  plain.  This  form  is  very  abimdant,  and  especially  in  the 
stem  of  the  vine  (Fig.  13)  and  other  fast-growing  plants,  in  the  bark  of  most  wooded 
trees,  and  in  the  roots  of  many  plants,  as  of  the  common  horse-radish.  They  are 
usually  of  large  size. 

Thick-wallcd  Cells,  ox  Sclerogen,  are  the  result  of  the  deposit  of  the 
peculiarly  hard  tissue  termed  sclerogen,  on  the  inner  side  of  the  ceU-wall.  This 
substance  is  usually  found  deposited  in  concentric  layers  (Fig.  34),  so  tHkt  at  leng:th 
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the  cavity  of  the  cell  is  nearly  filled.    There  is,  howeyer,  always  a  central  vacuity, 

and  this  is  in  direct  connexion  with  the  cell-wall 

hy  a  scries  of  canals,  which  pass  through  the  various 

layers  of  hard  tissue.    This  is  absolutely  necessary, 

since  aU  actions  proceeding  in  the  cell  must  require 

the  direct  communication  of  the  cell- wall. 

The  thick- walled  cells  constitute  the  gritty  tissue 

ofthepear  (Fig.35) 

— a  tissue  found  in 

the   form -of  small 

hard  grains  near  to 

the    centre  of  the 

fruit.      It    is    also 

abundant    in    the 

so-called   bulbs    of 

many  orchids,  as  the 

Marchantia      poly- 

fnorpha ;     on    the 

covering  of  the  seeds 

of  many  plants,  as 

of   the    star -anise 

{Illicium     aniaatwn 

—Fig.  34),  and  the 

apple   {maltss — Fig. 

36)  ;   in  the  strong 

part  of  many  nuts, 

as  of  the  ivory  nut 

(Figs.37,38),nowso 

iisefully   supplying 

the  place  of  ivory ; 

in  the  common  haw- 


Fig.  35. 

A,  a  mass  of  thick  wall- cells  from 
the  PxAB,  known  as  the  gritty 
tissue. 

B,  a  cell  more  highly  magnified. 


Fig.  34.— Beautiful  thick  wall-cells 
from  the  seed  of  the  IlUcium  ani- 
satuiUf  or  star-anise,  showing  the 
concentric  layers,  central  cavity, 
and  radii. 


Fig.  37. 
hj  perpendicular  section  of  the  bark 
of  the  Ivory   Nct    {Phytelephus 
macrocarpa), 
,,  //y     .         \     "» longitudinal  section, 

tnom      {^trat(Bgus)y    Both  show  the  lines  of  communica- 
plum,andourgarden      ^^®"  between  the  centre  and  the 


r'g,  re. — Sclerogen  immediately  in- 
•losiitg  the  seed  of  the  apple. 


circumference. 


fruits,  and  in  the 
cocoa-nut  shell(  Fig. 
39).  It  is  also  met 
with  in  the  bark  of 
almost  all  trees,  as 
on  the  beech  (Fig. 
39).  This  structure 
is  well  seen  by  cut- 
ting a  thin  section, 
and  placing  it  in  a 
drop  of  water  in  the 

ordinary  way;  or. 
Fig.  38.— Transverse  section  of  thick  v««.^,  „+;n  v„  ^i„« 

wall-cells  of  the  Ivort  Nut.  {Phy.  setter  still,  by  plac- 

tdephasfiMuroefkrpa),  ing    it    in  Canada 

balsam.    If  the  section  is  too  thick  it  must  be  ground  down  on  a  whetstone,  in  the 


Fipr.  39.— Thick  wall-cells  from  the 
Cocoa  Nut  nhell,  with  their  central 
cavities  and  communicating  tubes. 
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numner  in  which,  sections  of  bone  are  prepared  for  examination*  It  is  impossible  to 
examine  these  interesting  structures,  and  to  observe 
how  admirably  they  are  adapted  to  give  strength  and 
powec  of  resistance  to  parts  which  pre-eminently 
require  it^  without  being  reminded  of  the  great 
similaiity  between  them  and  bone  cells  in  the  bones 
of  animals.  There  are,  however,  several  points  of 
dissuRilarity;  and,  anongst  others,  that  the  cell- 
wall,  which  is  retainfid  in  thick- walled  cells,  is  lost 
in  bone  ceils. 

Ftbio  Cellalftx  nunne — This  foim  of  cell 
is  marked  by  having  one  or  more  fibres  wound  in 
a  spiral  direction  on  its  inner  side  (Figs.  41  &  43). 
The  fibre  m.y  be  loose  m  the  cell,  aa  in  the  Opmtia  ^'l^^ow'X'^'Z^^t^'ui 
vulgaris  (Fig.  42),  where  it  is  flat,  or  in  the  elongated      Buck  Tub  {JPaffus), 
cell  of  the  hairs  on  the  seed  of  the  OoUomia  grandijhra,  or  of  the  common  sage,  where 

it  is  round. 

"We  have  already  re- 
ferred to  elementary  fibre 

(p.  7) ;  and  have  only  fiirther 

to  remark  that  it  obtains 
Fig.  41.— Fibra  cell  from  the  leaf    its  spiral  direction  by  the 
siBgteflteS'*'^^"'^*'^"^*   growingpTOcessbeingcar- 

ried  on  at  the  £nee  end, 
whilst  the  other  part  of  the  fibre  is  attached  to  the  mem- 
brane.    In  this  mode  the 

resistance  is  unequal,  and 

a  circular  or  spiral  direc- 
tion is  given  to  the  new 

structure.      This  form  of 

cell  is  very  abundant,  and 

is  probably  more  or  less 

filled  with  air,  since  the 

inclosed  fibre  is  well  fitted 

to  prevent  the  collapse  of 

the  two  sides  of  the  cell. 
It  is  usual  to  find  the 

cells  not  isolated,  but  in 

clusters,    and   oftentimes 

arranged  in  maases  with 
much  symmetry,  as  may  bo  seen  in  the  drawing  (Fig.  44)  of  thfi  ftbro-oeHidar  tiMce 
lying  in  sUu  in  the  leaf  of  thfi  PleurothdUU, 

There  is  no  structure  in  animals  corresponding  with  the  fibrio*«e)lular  tissiie  in 
vegetables ;  but  cellular,  tissue  in  the  simple  form  is  exceedingly  abundant,  and*,  in  the 
•form  of  fat  cells  (Fig.  45),  bears  great  resemblance  to  cells  of  vegetable  origin.  It  is 
.also  an  interesting  fact  that  the  cartilage  of  the  ear  of  the  rat  and  mouse  (Fig.  46),  and 
more  particularly  of  the  rudimentary  spinal  column  of  the  lamprey,  is  so  modified 
as  almost  ezBotly  to  simulate  a  vegetable  cell. 


Fig.  42.-^Fn)re  cell  from  the 
Opuktia  Vulgaris,  show- 
izig  a  flattened  fibra  lying 
detached  from  the  ceU- 
waU. 


Fig.  4S^*>-Ifbra  cell  from  the 
leaf  of  an  Oacau  USaccola'i 

ralflbres  vonnd  ULoppesite 
dSmetioM* 
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ThkfesomblaiKje  between  animal  and  vegetable  structures  is  equally  w^U  seen  in 
the  tissue  of 
the  egg-shell 
(Fig.  31),  when 
contrasted  with 
the  elongated 
cells  of  the  JBo- 
Utu8  (Fig.  25). 
It  is  an  evi- 
dence of  the 
pow»  and  wis- 


Fifir.  44.— Cells  of  fibro-cellular  tissue  aom  of  ihi,  Ti^ 
in  situ.  A,  in  the  leaf  of  an  Okchm  ^°°^  °*  "^®  ^^ 
the  Pleurotkallis  rusci/olia. 


Vig.  45.— Fat  cells  in  animals. 


Fig.  46.— Cartilage  from  the 


ear  of  the  rat,  closely  re- 
sembling   loose    cellular 
tissue  in  vegetables. 
microscope.  1 


ity  that  all  the 

tissues,  both  in 

animalfl  and  plants,  are  produced  from  one  simple 

structure — ^the  fundamental  ceU. 

The  uses  of  the  cellular  tissue  are : — 
1st.  To  contain  various  impcMrtant  secretions,   as 
that  of  starch,  and  the  organs  of  reproduction  in  all 
classes  of  plants. 

2nd.  To  carry  on  the  circulation  more  or  less  in 
all  plants,  but  more  particularly  in  those  which  con- 
sist only  of  this  tissue.  This  is  well  exemplified  in 
the  leaf  of  the  Valli&neria  (Fig.  47),  in  which  the 
circulation    may    be    seen    proceeding    under    the 

2 


7  ?I«t       V^®^  "i  aquatic  plant,  the  Vallisneria  spiralis,  showing  the  circulation  in  plants. 
fSIS^"   11  1^1^^  }^^  "PP®^  surface  has  been  sliced  off,  and  shows  at  B  the  cellular  tissue, 

71?  !2iJ  ^^^^f^  ^**°f,'  chiefly  composed  of  starch,  and  a  larger  detached  body— the  nucleus. 
««?lR°Tr^"  at  C  is  a  bundle  of  woody  fibre,  in  which  the  circulation  is  also  proceeding.  The 
SS^^^eieh^^U    around  each  cell  separately,  and  the  arrows  indicate  its  direction  along  the 

^  ^vif*"  drawn  from  the  surface  of  the  leaf,  and  shows  a  number  of  starch  granules  in  cells 
CDieny  aggregated  together,  and  which  do  net  circulate.    Magnified  two  hundred  diameters. 


Digitized  by  ^OOglC 


16 


MULTIPLICATION  OF  CELLS. 


3rd.  By  the  tenacity  of  its  structure,  and  the  looseness  of  its  parts,  to  bind  the 
component  parts  of  the  plant  together,  and  to  increase  its  elasticity. 

4th.  It  has  for  thousands  of  years  been  of  great  use  to  man  for  various  eco- 
nomic purposes : — 

First,  in  the  form  of  papyrmy  or  the  paper  derived  from  the  stem  of  a  rush  of  that 
name,  and  employed  as  such  by  the  ancient  Egyptians,  Grecians,  and  Romans,  until 
long  after  the  birth  of  Christ.  In  a  similar  way  it  is  still  used  by  the  Chinese, 
and  by  them  is  derived  from  the  pith  of  a  plant   {JEschynomme — Fig.  48),  which 

they  cut  into  very  thin  slices.  This  material 
lends  a  charm  to  Chinese  drawings,  since  its  cellu- 
lar character  enables  it  to  absorb  the  colour- 
ing materials  in  great  abundance. 

Secondly,  as  a  textile  fabric.  The  mummy-cloths 
of  the  Peruvians,  who  existed  long  before  the  era 
of  Montezuma  and  the  Spanish  invasion,  arc  com- 
posed of  this  tissue  only.  At  the  present  time  we  ob- 
tain cotton  (Fig.  62  B)  chiefly  from  America,  where 
it  is  derived  from  the  seeds  of  the  cotton  plant  {Gos- 
sypium).  It  is  far  less  resisting  and  durable  than 
woody  fibre  or  linen ;  but  its  comparative  abun- 
Fi>.  48.— Section  of  the  Chinese  rice,  dance,  low  price,  and  easy  working  have  obtained 
cX*i?tha  MjfttSeddeposit.^^  ^^^^  for  it  great  favour.  The  present  war  with  Russia 
will  probably  induce  a  determination  to  use  the  cotton  cell  to  the  still  greater  exclusion 
of  the  woody  fibre ;  and  it  has  recently  been  shown  in  America  that  ropes  made 
of  cotton  are  far  stronger  and  more  durable  than  has  hitherto  been  believed. 

Paper  is  made  from  the  manufactured  cotton,  and  also  from  the  refuse  part  of  tlie 
raw  material. 

Multiplication  of  Cells.— It  is  not  within  the  limits  of  this  essay  to  enter  upon 
the  interesting  question  of  the  production  of  cells ;  but  we  may  state  that  a  common 
mode  is  that  of  division  of  the  cell  into  two  or  more  cells.  This  is  effected  in  the  fol- 
lowing manner :— First,  there  is  an  aggregation  of  the  con- 
tents of  the  cell  around  the  nucleus,  whilst  the  nucleus 
manifests  a  disposition  to  divide  itself  into  two  by  a  line 
of  construction  on  either  side.  Secondly,  the  cell- wall  is 
bent  inwards  towards  the  point  of  division  of  the  nucleus, 
and  by  degrees  insinuates  itself  between  the  two  parts  of 
the  nucleus  as  the  division  of  the  latter  proceeds,  until  at 
length  the  cell- walls  from  opposite  sides  meet  at  the  centre 
of  the  nucleus,  and  the  nucleus  is  divided,  and  two  cells  pro- 
duced. Each  of  the  new  cells  contains  half  the  original 
nucleus,  which  now  constitutes  the  nucleus  of  each  cell ; 
and  after  a  period  it  is  prepared  to  subdivide  and  to  form 
another  cell,  and  thus  progressively,  so  long  as  the  vital 
process  lasts.  In  this  way  it  is  conJbivable  that  an  im- 
mense multitude  of  cells  may  be  produced :  and  should  the  <^»  a  divided  cell  again  repeating 
A'  '  •      -u  ji'i      IP    X  ji  r  X-        r       the  process  of  subdiviiiion. 

division  be  speedily  effected,  we  may  form  a  conception  of 

the  astounding  fact,  that  in  some  of  the  fast-growing  cellular  plants — as  the  mushroom 
— the  cells  have  been  produced  at  the  rate  of  sixty-six  millions  in  a  minute. 


Fig.  49.— Various  stages  of  de- 
velopment of  the  H.BMATO. 
coccus    BINALIS. 

a,  the  simple  cell. 
5,  the  cell  preparing  to  divide. 
«,  the  cell  divided,  and  a  new 
cell  thus  produced. 
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FijT.  50.— Section  of  the 
root  of  the  Alder  Thek 
{Alnus],  showing  the 
large-sized  pores,  or  se- 
mi-transparent spaces, 
of  its  pitted  tissue. 


It  is  proper  to  state  further,  that  certain  authorities  attribute  the  production  of  cells 
to  the  evolution  of  bubbles  of  gas  in  an  azotized  fluid,  and  they  are  of  opinion  that  only  by 
that  mode  can  we  account  for  the  extreme  rapidity  with  which  cells  are  deyeloped. 

Botlurench3rii&9  or  Pitted  Tifl»ue. — We  now  proceed  to  describe  the  various 
modifications  of  the  fundamental  cellular  tissue,  and  first,  that  of  Bothrenchym,  since 
it  is  very  nearly  allied  to  cellular  tissue.  It  is  so  called  from  two  Greek  words  signify- 
ing pitted  tissue,  to  indicate  that  a  number  of  translucent  spots  ara  distributed  over  its 
surface.  We  have  already  described  the  mode  of  formation  of 
this  tissue  when  considering  dotted  cells,  p.  7.  It  differs  from 
dotted  cells  chiefly  in  size ;  for  it  may  be  regarded  as  a  series 
of  very  large  cells,  placed  end  to  end,  and  separated  from  each 
other  by  obliquely-placed  partitions.  At  a  later  period  of  life 
it  puts  on  the  character  of  a  tube  by  the  breaking-up  and 
removal  of  the  partitions.  Its  ordinary  position  in  plants  is  in 
the  stems  of  wooded  plants,  and  more  particularly  of  such  as  attach 
themselves  to  other  trees  for  support,  and  grow  rapidly.  Thus 
it  is  met  with  on  a  thin  longitudinal  section  of  almost  all  trees, 
but  more  readily  in  the  alder  (Fig.  50),  vine,  clematis,  cane 
{Rattan),  and  similar  fast-growing  plants,  and  wherever  a  rapid 
circulation  is  proceeding.  In  this  respect  it  diffiers  from  mere  dotted  cellular  tissue, 
since  that  is  more  commonly  foimd  in  the  herbaceous  than  wooded  plants.  This,  in 
conmion  with  other  vegetable  tissues,  retains  its  characters  perfectly  for  thousands  of 
years,  as  may  be  observed  in  the  annexed  figure  of  a  duct  (Fig.  51), 
taken  from  a  piece  of  anthracite  coal. 

It  is  not  uncommon  to  find  a  spiral  fibre  associated  with  the  dotted 
tissue,  as  in  Fig.  52,  when  the  tissue  may  be  regarded  as  a  spiral  duct 
with  pores.  It  is  a  microscopic  object  of  much  interest,  and  very  easily 
obtained.  Take  a  piece  of  common  cane,  and  having  cut  away  a  por- 
tion of  the  outside,  take  a  thin  section  down  the  cane,  and  place  it 
imder  the  microscope  in  a  drop  of  water.  The  little 
pits  wiU  be  seen  with  much  ease,  as  also  the  large  size 
of  the  tissue  as  compared  with  the  woody  tissue  which 
accompanies  it.  We  have  found  the  best  illustration 
cbct,^mAii-  of  it  in  a  piece  of  deejjly-coloured  rose- wood,  for 
there  the  dark  tint  of  the  secretion  gave  a  peculiar 
distinctness  to  the  tissue. 

Its  chief  U8«  in  plants  is  to  carry  on  the  circulation  with  great 
rapidity,  and  is  therefore  particularly  necessary  in  such  plants  as  grow 
in  southern  and  eastern  climes,  and  yield  refreshing  juices,  as,  for 
example,  the  vegetable  fountains  of  India.  The  importance  of  this  tissue 
to  all  plants  may  be  inferred  from  the  large  amount  of  vapour  which 
they  throw  off  by  perspiration.  Thus  an  ordinary-sized  cabbage,  in  our 
climate,  was  found  to  perspire  to  the  extent  of  1  lb.  9  oz.,  and  a  sun- 
flower to  that  of  1  lb.  14  oz.  in  a  day  of  twelve  hours ;  and  it  is 
evident  that  the  great  heat  of  southern  climes  must  induce  a  far  greater  amount  of 
perspiration,  and,  by  consequence,  require  a  more  active  circulation.  The  fluid  thus 
exhaled  is  supplied  chiefly  by  the  bothrenchym,  which  therefore  has  a  circulation 
proceeding  from  the   roots  towards  the  leaves  of  the  plant.     This  function  is  npt 
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Fig.  52.— Pores, 
and  a  spiral 
fibre,  from  the 
ELMTaBB(t77- 
mus). 
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Mridusly  H  at  ftU  impeded  hy  the  pattitions  wktch  lie  across  l^e  tube,  as  trould  at  first 
•  ftiglli  appear ;  lor  even  shovld  such  pfbtiti<ma  b^  perfect,  ^bey  readily  pennit  the  proper 
fluid  to  filter  through  them.  The  great  size  of  this  kind  of  tissue,  and  the  large  quantity 
of  'fluid  which  it  contains,  render  it  imperatrre  that  it  should  be  stipported  by  rtnictures 
i«i9W  resisting  than  its  own.  For  tiiis  reason  it  is  always  found  surrounded  by  bundles 
^  Vtrong  woody  tissue.  Another  fimction  assigned  to  it  in  later  life  is  that  of  conveying 
air  ioto  the  interior  of  the  plant.  This  occurs  when  the  walls  of  the  cell  or  tube  have 
become  imperfect,  and  would  pennit  contained  fluid  to  pass  out  of  titem ;  andthen  Ac 
fluid  disappears,  and  its  place  is  supplied  by  air.  A  third,  and  not  less  important  duty, 
is  that  of  a  depository  of  the  secretions  of  the  plant.  This  only  occurs  when  the  tree 
is  mature,  smd  the  central  parts  of  the  trunk,  which  are  not  then  'devoted  to  the  rapid 
conveyance  of  fluid  for  the  purposes  of  perspiration.  The  deep-colouring  matter  of 
rose^wood  and  mahogany,  and  all  similar  trees,  is  chiefly  found  in  this  tissue. 

From  the  above  remarks  it  will  be  evident  that  bothrenchym  is  a  tissue  of  great 
interest  and  importance,  and  is  seen  in  its  integrity  only  in  the  early  life  of  a  plant. 
Its  large  size,  thin  waUs,  and  active  functions,  seem  to  predispose  it  to  injury ;  and 
liherefore  such  tubes  have  the  duty  assigned  to  them  of  conveying  air,  or  of  storing 
up  secretions  which  do  not  circulate. 

Gridiron  Tissue.— Under  the  term  of  gridiron  tissue,  Professor  Quekett  has 
described  an  interesting  structure,  oftentimes  met  with  at  the  end  of 
the  ducts  of  pitted  tissue.  It  consists  of  a  series  of  bars  which  pass 
transversely  across  the  tube,  and  occupy  the  position  of  the  usual 
transverse  septum.  It  is  probably  not  a  distinct  structure,  but  only 
the  remains  of  the  original  septum.  We  have  met  with  fine  examples 
of  it  in  several  trees,  but  more  particularly  in  the  alder  and  white 
birch  {BetiUa  alba).  A  similar  condition  has  also  been  observed  in 
a  fossQ  palm  found  at  St.  Vincent's. 

VlenretichTii&y  or  Woody  Tissue.— The  tissue  most  closely 
allied  to  bothrenchym,  and  yet  widely  removed  from  both  it  and 
cellular  tissue,  is  pleurenchym,  or  woody  tissue.  ITiis  constitutes 
•the  mass  of  the  stems  of  our  forest  trees,  and  is  thus  of  the  utmost  pjg.  53.--«jii»i«on 
^social  use  to  man.  It  is,  also,  found  in  aH  young  and  tender  Tisstxb,  forming 
^oots,  and  in  bundles  in  the  stems  of  all.  even  the  most  delicate  if  1  d^SXSln 
flowering  plants.  Its  peculiar  characteristic  is  that  of  great  tena-  ^^  ^^^^  {Aiuus), 
isikf  and  power  of  resistance,  and  for  this  its  structure  is  admirably  adapted.  As  these 
charscters  are  opposed  to  those  of  bothrenchym,  we  are  prepared  to  find  a  tissue  dif- 
^sfing  widely  from  that  large  and  wide  structure.  The  contrary  is  found  in  woody' 
tiwue,  for  it  consists  of  bundles  of  very  narrow  fibres,  witii  tapering  estremities,  and 
so  placed  end  to  end  that  the  pointed  ends  overlap  each  6ther.  Each  fibre  is  very 
ghort,  and  the  partitions  which  result  from  the  apposition  of  the  fibres,  end  to  end, 
do- not  interfere  With  the  circulation  tiirough  them.  Moreover,  the  tube  is  not  com- 
posed of  simple  thin  membrane  only ;  but,  in  addition,  has  a  deposit  within  it,  which, 
without  filling  the  tube,  adds  very  greatiy  to  the  strength  of  the  fibre.  Perhaps  we 
have  here  as  good  an  illustration  of  the  wisdom  and  power  of  the  Creator  as  can 
readily  be  produced— tw.,  an  arrangement  whereby  the  greatest  strength  and  power 
of  resistance  and  elasticity  shall  be  obtained,  and  at  the  same  time  the  fimctions  of  dr- 
Oulation  uninterruptedly  maintained.  The  strength  is  mainly  due  to  the  shortness  of 
eacfe  fibre,  the  connexion  by  apposite  ends  of  many  fibres  almost  in  one  direct  line, 


Digitized  by  ^OOQIC 


WOOI>T  FIBRE. 


19 


ftom  the  rocrt^w.ardfl ;  and,  lastly^  to  thd  deposit  oa  ihe  imncr  side  of  like  membraiie. 

Thk  eendment  is  irreeii^Me,  when  we  tevumAter  tiie^  rarious  eeoaonio  purpoees 

to  w^icbaaa  in  all  a^luiB  applied  the 
wood  of  fjrest  trees,  and  iilso  the  power 
ef  resifltance  and^astidFty  wlacliteeesaec 
required  to  oflfer  while  supporting  largb 
branches  at  a  considera'ble  angle,  and  to 
prerent  their  being  uprooted  or  broken  to 
I»ece8  by  yiolent  storms,  all  of  which  is  . 
mainly  due  to  the  tissue  now  under  eon- 
sideration. 

There  are  two  kinds  of  woody  tissue 
— viz.y  the  plain  and  the  glandular.  The 
plain  we  have  already  described.  The 
glandular  is  that  form  which  more  nearly 
resembles  bothrenchym,  and  indeed  may 
easily  be  mistaken  for  it.  It  consists  of  a 
plain  fibre  or  tube,  such  as  that  already 
desciibod ;  but,  in  addition,  there  is  super- 
imposed, with  great  regularity,  a  series  of 


Fig.  54.— Bundles  of 
•woody  fibre  of  the 
fiars.  plant  (Limcm)^ 
considerably  mae- 
Mfled. 


"with '^  Inte™^  rounded  translucent  bodies  called,  or  rather 


Fi.'.  55. 
fibres  with   Intema'l 

deposit     and     their  miscalled,  glands  (Fiff.  56).  'Hiese  are,  for 
pointed    extremities     ,  7     ,  j--i  j 

overlapping        each  the  most  part,  arranged  m6iinglerows<  and 

®^er.  j^j.g  gQ  igjgg  as  to  occtq)y  the  whole  iace 

of  the  fibre. 

There  is  great  difference  of  opinion  as  to  the  nature  of  these  so-called  glands ; 
some  authors  regarding  them  as  simple  concavities  in  the  nature  of  a  simple  pit,  whUet 
others  believe  that  there  is  a  pit,  and  in  that  pit  is  deposited  the  rounded,  flsrtteMd 
body  termed  the  gland,  or  bordered  pore. 

Professor  Quekett  adopts  the  opinion  that  these  bor- 
dered pores  lie  in  concavities  between  two  adherent  fibres 
(Fig.  67).  The  bordered  pore  is  hollow,  and  biconvex,  so 
as  to  fit  into  the  two  cavities.  They  are  best  seen  in  a 
section  of  wood,  taken  parallel  to  the  medullary  rays. 

It  is  not  a  Bttle  remarkable  that  this  form  of  woody 
fibre  sherald  be  found  only  in  one  class  of  trees — viz.,  the 
Oonifera,  or  fir  tribe,  with  their  allied  genera ;  and  in  such 
plants  it  is  the  only  form  of  woody  tissue  met  with.  If 
a  Tery  thin  section  of  a  piece  of  firesh  fir  tree,  or  of  a  piece 
of  deal  or  cedar,  be  examined  with  the  microscope,  as  before 
directed,  the  glands  will  be  seen  very  distinctly  (Pig.  66) ; 

and  if  a  piece  of  rotten  fir  be  selected,  it  will  not  be  difficult  to  find  a  spot  at  which  the 
gland  appears  to  have  fallen  out.  Such  also  is  the  case  with  the  ooal  shale,  a  large 
portion  of  which  is  composed  of  the  stems  of  the  fir  tribe,  which  hare  been  bnried 
during  thousands  of  years ;  and  if  care  be  taken  to  grind  down  a  thin  section,  not  only 
may  the  glands  and  their  remains  be  seen,  but  in  some  instances  the  pits  which  once 
contained  the  gland. 

This,  however,  is  chiefly  a  matter  of  curiosity,  since  we  do  not  laww  anything  of, 


Fig.  56.-- Section  of  oammon  fir 
wood,  or  deal;  showing  the 
pointed  extremities  of  the 
woody  fibre  and  the  i^asd,  or 
bordered  pores,  in  a  siAgle 
row  on  each  fibre. 
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the  especial  functions  of  this  kind  of  woody  tissue.  The  botanist,  however,  attaches 
value  to  it,  since  it  enables  him  to  demonstrate,  in  recent  and  fossil  woods,  the^exist- 
ence  of  the  ConifertB,  or  fir  tribe  of  plants. 

It  is  not  uncommon  to  find  a  spiral  fibre  associated  with  this  glandular  structure, 
and  sometimes,  as  in  the  yew  {Taxm  baccata,  Fig.  60),  there  are  two  which  are  wound 


^ 


Fig.  57. 


Fig.  59. 


Fig.  60. 


the  tubercles  or  glands  in  'situ,  and  projecting, 
fibre  whence  the  glands  have  be( 
by  two  adjoining  fibres. 
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Fig.  57.  A  lateral  view  of  two  adjoining  fibres  to  show  the  concavity  in  each,  and  the  space 
formed  by  both  for  the  reception  of  the  bordered  pore.  B,  bordered  pores  from  the  Saiiahuria  adian- 
lifolia,  "which  are  naturally  found  in  cavities  similar  to  those  in  A. 

Fig.  58.  Similar  arrangement  of  tubercles  and  cavities  of  the  Aporam  anceps.    A,  a  fibre  with 

ibercles  or  glands  in  situ,  and  projecting.    D,  the  glands  detached.     C,  the  concavities  ou  one 

en  removed.    B,  the  spaces  for  the  lodgment  of  the  glands  formed 


fossil  member  of  the  fir  tribe,  which 


Fig,  59.    Rows  of  bordered  pores  on  the  woody  fibre  of  i 
had  been  long  buried  in  the  State  of  Ohio. 

Fig.  60.    Porous  woody  fibre  in  the  yew  ( Taxus  baccata)^  with  the  spiral  fibres  wound  in  opposed 
directions. 

in  opposite  directions,  and  give  the  appearance  of  a  net- work.     This  is  presumed  to 

assist  in  maintaining  the  patency  of  the  tribe. 

The  uses  of  woody  fibre  are  very  varied,  and  most  important,  and  may  be  divided 
into  two  categories, — 1st,  such  as  benefit  the  plants  ;  and  2nd,  such  as  benefit  man. 

1st.  Such  as  benefit  the  plant. 

It  is  the  chief  organ  of  the  circulation  in  all  wooded  plants,  and  for  this  purpose 
pervades  the  plant  from  the  root  to  the  branches,  and  even  to  the  minutest  leaves  and 
flowers.  The  current  in  this  tissue  is  slow  and  uninterrupted,  and  is  directed  upwards 
from  the  shoot  through  the  stems  to  the  leaves,  and  downwards  from  the  leaves  through 
the  bark  to  the  root.  Thus  its  current  has  a  twofold  direction ;  the  ascending  and  chief 
one  being  for  the  purpose  of  taking  the  raw  sap  from  the  ground,  to  be  digested  in  the 
leaves,  and  the  descending  being  devoted  to  the  removal  from  the  leaves  of  the  digested 
sap,  to  be  applied  to  the  purposes  of  the  plant,  and  also  of  the  refuse  matter  to  be  car- 
ried to  the  roots,  and  thence  thrown  out  into  the  soQ  as  a  noxious  material.  These 
functions  are  carried  on  more  vigorously  during  the  spring  and  summer  seasons;  but 
it  is  probable  that  even  in  the  depths  of  winter  it  does  not  cease. 

Another  function  of  woody  fibre  is  to  be  the  store-house  of  the  perfected  secretions. 
It  is  well  known  that  as  trees  advance  in  life,  the  wood  assumes  a  darker  colour,  and 
more  particularly  that  lying  near  to  the  centre  of  the  stem.  This  is  due  to  the  deposit 
of  the  perfected  juices  in  the  woody  fibre  at  that  point ;  and  when  age  has  matured  tlic 
tree,  it  is  probable  that  the  woody  fibre  so  employed  is  no  longer  fitted  for  the  circu- 
lation of  the  sap ;  and  also,  that  the  perfected  sap,  when  once  deposited,  does  not  again 
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join  in  the  general  circuljition.  The  dark  colour  of  the  heart  of  oak,  as  contrasted  with 
oak  of  very  recent  growth,  is  an  illustration  of  this  fact,  as  is  also  the  deep  colour  which 
is  met  with  in  ebony  and  rosewood. 

A  third  duty  under  this  head  is  that  of  giving  stability  to  the  tree.  It  only  requires 
a  mementos  reflection  to  enable  the  mind  to  appreciate  the  vast  power  of  resistance 
which  is  placed  ia  forest  trees.  The  oaks  of  an  English  forest  have  stood  a  thousand 
years,  notwithstanding  the  hurricanes  and  storms  to  which  they  have  been  yearly  sub- 
jected ;  and  a  familar  illustration  of  the  most  violent  storms,  of  which  we  hear  and 
read,  is  that  of  the  tearing  up  by  the  roots  of  the  large  forest  trees.  How  mighty  must 
be  tiiat  power  which  can  withstand  influences  so  terrific  as  those  which  each  person 
must  have  occasionally  witnessed !  This  power  is  partly  due  to  the  mere  mechanical 
hold  which  the  roots  have  of  the  soil ;  but  the  tenacity  of  that  hold  is  almost  entirely 
due  to  the  woody  tissue  contained  in  the  roots  and  stem.  Again,  it  is  no  uncommon 
occurrence  in  our  old  EngUsh  parks  to  find  branches  of  old  trees  which  stretch  from  the 
trunk  to  the  distance  of  fifty  feet,  and  which  in  circumference  are  as  large  as  trees  of 
considerable  growth.  These  do  not  stand  perpendicularly  from  the  groimd,  but  pass 
out  of  the  stem  at  an  angle  which  is  in  some  instances  nearly  a  right  angle,  and  must 
therefore  be  kept  from  falling  directly  in  opposition  to  the  effects  of  gravity.  The  strain 
exerted  by  such  a  branch  is  enormous ;  and  yet  the  branch  is  maintained  in  its  posi- 
tion for  hundreds  of  years  by  the  simple  cohesive  strength  and  tenacity  of  a  series 
of  woody  fibres,  each  one-sixth  smaller  than  a  human  hair,  and  too  minute  to  be 
appreciated  by  the  naked  eye.  It  is  probable  that  no  mechanical  agency  at  present  in 
operation  could  effect  that  which  is  thus  so  readUy  effected  by  nature  with  the  most 
simple  agencies. 

2ndly.  Such  as  benefit  man. 

'We  do  not  refer  to  the  almost  infinite  uses  to  which  wood,  in  boards  or  masses,  is 
applied  by  man,  and  the  vast  multitudes  of  beautiful  objects  which  his  ingenuity  has 
enabled  him  to  prepare  out  of  the  varieties  of  wood  which  nature  has  so  bountifully 
proTided. 

Not  less  useful  is  the  same  woody  fibre  when  reduced  to  very  minute  bundles  or 
threads. 

When  the  fibres  are  obtained  in  tolerably  large  bundles,  they  are  used  in  place  of 
bristles  for  street  brooms,  and  especially  when  obtained  from  the  cocoa-nut  palm. 

The  flax  and  hemp  which  are  imported  so  largely  into  this  country,  consist  of 
woody  fibre,  obtained  not  from  the  wood  of  large  trees,  but  from  the  stems  of  slender 
plants.  From  this  raw  material,  ropes,  sacks,  linen,  lawn,  and  other  textile  fabrics,  are 
now  made,  as  some  of  them  have  ever  been  by  all  nations.  Uncivilized,  or  partially 
civilized  nations,  have  been  accustomed  to  use  the  baA  of  various  trees  offering  this 
woody  fibre  in  a  very  divided  condition ;  and  from  this  have  prepared  ropes  and  otiicr 
articles  of  utility.  It  has  long  been  known  that  cordage  of  a  very  strong  kind  was 
used  by  the  ancient  Egyptians,  anterior,  in  all  probability,  to  the  building  of  the  Pyra- 
mids ;  and  Mr.  Layard  has  recently  exhumed  sculptures  which  show  that  the  yet  more 
ancient  Assyrians  removed  their  gigantic  winged  bulls  and  other  objects  by  cables  of 
great  size  and  strength. 

The  bark  of  the  lace-tree  {Lagetta  lintearia)  yields  a  net-work  of  woody  fibre  of 
exquisite  beauty,  and  of  great  utility,  and  is  used  by  the  natives  of  that  clime  as  a 
ready  prepared  &bric. 

An  indisputable  proof  of  the  antiquity  attaching  to  the  use  of  this  fibre  is  afforded 
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in  Hbs  fact,  that  l^e  mimimy  doths  of  the  ancient  Egyptians,  whkh  •»  neari j  fi^te 
thousand  years  old,  are  found  to  he  composed  of  this  laatnial. 

At  the  present  day,  this  tissue  is  ahundantly  used,  and  is  denved  from  Tery  TtaiouB 
sources.  Its  r^tiye  yalue  dap^ids  upon  the  fineness  and  efsnness^  of  the  filore, 
and  upon  it»  elasticity.  It  has  been  found  that  certain  kinds  of  flax  have  yery  great . 
powers  of  resxstanee  when  exerted  in  a  straigbtline,  but  readily  break  when  they  asa 
bent.  This  is  the  case  with  the  New  Zealand  flax;  and  its  bfittleness  is  to  be  attri- 
buted only  to  the  nature  oi  the  material  deposited  within  the  tube.  The  flax  obtained 
in  tMs  country,  in  Ireland,  and  India,  from  the  Cannabis,  has  less  resisting  dtaraeters; 
but  as  it  does  not  break  so  much  in  the  process  of  hackling,  has  a  higher  marketable 
value.  The  pine-apple  fibre  is  yery  capable  of  minute  subdiyision,  and  is  yery  resisting, 
and  consequently  yery  fitted  for  the  manufacture  of  fine  faibrics.  Ceooa-nvt-palmfibre 
is  also  yery  strong  from  the  presence  of  secondary  deposits. 

The  cost  of  flax  has  induced  mercantile  men  to  use  woody  fibre  of  less  durability, 
bat  at  the  same  time  of  a  less  costly  kind— such  as  that  derived  from  the  Ghina^ 
grassy  a  species  of  nettle  ( Urtioa);  and  from  it  much  of  the  less  durable  linen  doth  and 
pockct-handkercMeiis  are  now  produced.  It  is  well  known  that  the  tissue  now  under 
consideration  occupies  a  medium  between  silk  and  cottoiB,  as  it  regards  resistaoiee 
durability,  and  cost. 

Silk  is  the  produce  of  a 
bcr  of  the  animal  kingdom:  (Fig. 
62  D),  and  occupies  ih»  highest 
position  in  the  qualities  xseferred 
to.  Labillardi^re  ascertained 
that  bundles  of  fibres  of  equal 
size^  of  silk,  flax,  and  cotton, 
gave  the  following  unequal 
powers  of  resistance,  on  the 
application  of  a  weight : — 
Silk  sopported,  -without  break. 

ing,  a  weight  of .       .        .  341bs. 
New  Zealand  flax  ^bormiuM 

tenax) 

Hemp  {Canndbis)  . 
Flax  {LiHnm) «... 
Pit».flax  {Atf&99  Atmricamti. 
The  resisting  powcn  of  eoiton  are 
mneh  bdLow  the  loiwait  now  in- 
dicated. % 
In  order  the  better  to  appre- 
ci^e  the  oharsfiters  of  these  tex- 
tile  matnials,  single   fibres  of 
each   have    been    sdeeted    and 
placed  side  by  side  (Fig.  62),  and 
to  these  have  been  added  hairs, 
or  fibres  (^  wool,  and  silk.  Theso 

haye  not  only  been  used  larsely  mu  ai     a.^.,,.  , 

for  centuries  m  the  manufacture  of  wooUen  cloths,  but  the  former  is  fbnnd  woyen  with 
cotton  in  mummy  dIoI^  obtained  front  Otaheite; 
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Tbe  last  iiae  to  vkbh^  we  fihaU  now  refer,  i8  that  of  affordbg  MC^ 
I  This  is  known  familiarly  in  this  country  in  the  wine  obtained  from  the  fermented  jiiMe< 
:  of  the  birch  tree  {Betula  alba) .  It  is  still  better  known  in  the  Northern  and  Western  States 
of  America,  and  in  Canada,  from  the  sugar-yielding  maple  {Acer  saccharinum).    This  is 


Fig.  62.— Fibre  of  flax,  A ;  of  cotton,  B;  of  wtsl^Ci  (MiA#t  silk,  D ;  placed  side  by  side,  so  Uuit 
their  relative  size  and  markings  nay.  IM  mdily  (MiBiBH^d.  The  fibre  or  eeUi  of  cotton  vn 
manifestly  much  thinner,  and  le^  vesisKii^  than  ttiOMMil't^  other  sobstanoes. 


still  a  greatly  yalued  product  in  the  less  imnwflilh  pnrtnnf  the  eanaiKf\  but  the  introduc- 
tion of  the  cane  sugar  of  the  Southern  Stetai  If  gtadually  nuy^JftntJng  it  in  public  tuA- 
mation.  The  sugar  obtained  from  it  is  ^nwy  hiMFBf  l^ut  swfteteofii  well,  and  wUl  probably 
be  one  of  the  treasures  of  the  happy  luiiiiMnlS»  ttth^lertBa  pawdise  of  the  '^  &r  west'' 
for  many  years  to  come.  In  both  of  the  «ihof»  ImiM^tti  the  \\m»  is  collected  in  a  similar 
way — visi,y  by  boring  one  or  more  holes  iQtailill*,«Aeia  of  tha  tree  at  the  period  of  the  year 
when  the  sap  has  most  accumulated ;  aa^  mu  tiiie  sap  exudes,  collecting  it  in  vessels 
placed  at  the  foot  of  the  tree.  The  su^Esrvif  thence  obtained  by  mere  evaporation 
and  subsidence ;  but  the  wine  refoires  the  cuiMi^uent  process  of  saccharine  fermen- 
tation. 

The  spruce-beer  in  use  in  ^orway^  and  Ah»^  refreshing  juices  of  India,  are  obtained 
in  a  similar  way,  and  fixan  the  sttmo  vesaels>"  »«>.,  woody  and  pitted  tissues. 

Palm- wine  is  a  deHdoufttareragey  obtaiiMid  from  varioua  species  of  palm,  but  espe- 
cially from  the  coooa-But  palm  ((h098.n%teif6rt^  the  gomuto  pahn  {JSa^uerm  aaccharifer), 
and  the  magnificent  FalmjFm  palm  (Boratam'^JIahelitforimM),  The  latter  is  the  most 
widely  distributed  of  all  the  pahtt  iri^,  siao^  tt  Inhabits  all  the  varieus  regions  of  the 
Ccmtiaent  and  Idands  of  Indift^  Mr.  Ferg!meii,:ia  the  first  illustrated  book  which 
proceeded  from  Ceylon,  ha*  ^anm  *  moife  Taliable  acoonnt  of  the  palm  trees  of  Ceylon. 
Wc  counsel  our  jreadefs  lo  fMBsnee  it  attentively,  and  especially  that  portion  which 
describes  the  Palmyra  palm  and  its  products.  The  juice  is  procured  by  crushing  the 
young  inflorescence,  and  cutting  off  the  upper  part.  It  is  then  collected  in  a  vessel 
attached  to  the  cut  end,  and  the  daily  discharge  of  the  sap  is  facilitated  by  cutting  a 
new  slice  every  day.  The  fresh  sap,  called  tarecy  or  toddy,  is  very  refreshing ;  and>  if 
allowed  to  evaporate,  yields  a  deposit  of  coarse  sugar,   or  jaggery.     When  fiar- 
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mented,  it  becomes  a  very  excellent  wine,  and  the  most  intoadcating  of  all  tropical 
beverages. 


m,M 


4  .».:  -r    V'!!^:^/-^^' 
Fig.  63,— The  Palhyba  Palm  {Borassus  /tabelliformis)  yielding  Palm  Wine. 

The  size  of  woody  fibre  yaries  from  -j^  to  ^^Ayiy  P*^  °^  *"^  inch,  and  is  the  largest 
in  hot  climates,  for  the  reasons  already  indicated. 
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The  position  of  -woody  fibre  is  readily  determined, 
stems  of  "wooded  trees,  but  is  found  in  single  bundles 
in  the  stems  of  delicate  herbaceous  plants,  and  may  be 
readily  seen  there  when  the  stem  is  torn  across.  In 
a  similar  mamier  it  occupies  the  thin  cuticle  of  herbs, 
and  may  be  readily  observed  in  the  ridges,  or  veins, 
which  run  from  the  root  upwards.  It  is  also  met  with 
in  the  bark  of  all  trees,  in  the  veins  of  leaves  and 
flowers,  and  even  accompanying  the  spiral  vessels 
into  the  fruit  of  plants. 

Vascular  Tissue  ox  Tntchenchym.— The  tis- 
sues which  we  have  already  described  are  chiefly  de- 
voted to  the  circulation  of  fluids,  or  to  the  inclosure 
of  solid  substances.  Those,  under  this  head,  are  in 
great  part  associated  with  the  transmission  of  air  within 
the  plant.  They  are  divided  into  two  classes — viz.,  spiral 
vessels  and  ducts,  and  are,  perhaps,  the  most  beautiful 
microscopic  objects  in  plants.  It  is  not  at  all  times 
easy  to  distinguish  between  these  two  classes  of  struc- 
tures, since  both  consists  of  thin'mcmbrane  in  a  tubular 
form,  and  inclosing  a  fibre  wound  in  a  spiral  direc- 
tion. The  theoretical  distinction  is,  that  the  fibre  of 
the  spiral  vessel  may  be  unrolled  without  breaking, 


It  constitutes  not  only  the 
B  A 


Fig.  64.— Spiral  Vessels. 

A,  a  simple  spiral  vessel,  that  is, 
having  but  one  fibre.  The  lines 
bounding  the  pointed  extremity 
represent  the  inclosing  mem- 
brane. 

B,  a  compound  spiral,  or  a  vessel 
composed  of  many  fibres,  wound 
in  a  spiral  manner. 

C,  a  compound  spiral  from  the 
Canna  Ucolor,  with  five  spiral 
fibres :  more  highly  magnified. 


whilst  that  of  the  duct  is  inseparably  connected  with 
the  membrane,  and  cannot  be  unrolled  in  its  integrity.  This  general  distinction  is 
doubtless  correct ;  but  an  unrolled  spiral  vessel,  and  a  duct,  in  which  the  membrane  con- 
necting the  spiral  fibre  has  been  destroyed,  have  a  very  close  resemblance  to  each  other. 
It  is  highly  probable  that  the  distinction  is  less  one  of  nature  than  one  established  by 
botanists  as  a  matter  of  convenience. 

The  Spiral  Vessel  is  a  cylindrical  tube  with  conical  extremities,  and  having  one 
or  more  fibres  wound  as  a  right  or  left-handed  screw,  which  may  unroll  without 
breaking.  It  has  been  disputed  whether  the  fibre  is  placed  within  or  without  the 
membrane,  and  whether  it  is  solid  or  hollow ;  but  we  are  of  opinion  that  it  is  inclosed 
by  the  membrane,  and  that  it  is  always  solid.     These  vessels  are  not  individually 

of  great  length,  but  are  con- 
nected together  by  their  coni- 
cal extremities;  and  it  is  not 
unusual  to  find  the  intervening 
partition  ruptured.  When  but 
one  fibre  is  inclosed  the  vessel  is 
termed  a  simple  spiral  vessel  (Fig. 
64  A)  ;  but  when  two  or  more 
exist,  it  receives  the  appellation  of 
compound  (Fig.  64  B  &  C).  In 
some  instances,  upwards  of  twenty 
fibres  have  been  counted  in  a 
compound  spiral  vessel.  The 
spiral  vessels  are  very  numerous  in 
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Fig.  65.— A  bundle  of  spiral  vessels  from  the  veins  of  the 
hnael  nut  {Corylus  avelkma)^  showing  their  great  num- 
ber and  very  minute  size.  They  are  embedded  in  a  mass 
of  hexagonal  cellular  tissue,  as  represented  at  a.  Mag- 
nified 200  diameters. 
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all  fhwering  plants,  but  more  so  ip  ettHain  bulbous  plants,  as  tbat  of  a  squill  growing  in 
,  the  neighbouijioocl  of  the  Mediterranean.  The  inhabitants  coUeet  them,  and  tie  tbjem  in 
bundles  to  be  used  in  the  lighting  of  cigars~«n  office  forwhieh  their  smouldering  flame 
renders  them  well  adapted.  They  are  met  with  in  all  parts  of  plants  exc^t  the  roots^ 
but  more  partScularlj  immediately  surrounding  the  pith,  and  in  all  parts  emanating 
from  Hir-viz^  branches,  leaves,  flowers,  and  fruit.  They  may  be  readily  obtained 
by  canliously  cutting  through  the  cuticle  of  the  footstalk  of  the  strawberry-leaf  (i^a- 
garia),  and  then  gently  separatii^  the  divided  portions,  when  they  appear  as  very 
fine  threads  arranged  in  loose  spires. 
They  abound  in  the  veins  of  leaves, 
and  even  in  the  minutest  parts  of  the 
most  delicate  flowers.  They  are  also 
found  in  the  foot-stalks  of  all  fruits, 
and  in  the  vascular  bundles  which 
enter  tiie  minutest  seeds.  This  may 
readily  be  seen  by  tearing  the  seed 
of  the  strawberry  from  the  fruit, 
and  placing  it  in  waiter  under  the 
microscope.  The  spiral  vessel  is 
there  exceedingly  minute  and  beau- 
tiful. 

Perhaps,  of  aU  positions  in  which  it 
may  be  the  best  injected,  that  of  the 
veins  running  over  the  brown  coat- 
ing of  thie  common  hazel  nut  ( Corylus 
av^tma^  Fig.  65),  after  the  shell  has 
been  removed,  is  the  most  accessible. 
The  brown  membrane  should  be 
soaked  in  water  for  a  short  time, 

and  then  the  veins  carefully  torn  open  with  needles,  and  placed  under  the  microscope. 
If  the  light  be  not  passed  through  them,  but  be  allowed  to  fall  upon  them,  they 
appear  as  bundles  of  beautifuUy-white  glistening  lines,  consisting  of  scores  of  very 
mimite  spires* 

Such  is  also  the  case  with  other  similar  fruits,  as  those  of  the  walnut  {Jugl^ma 
regia)  and  chestnut  (Fagua  ccutanea).  They  are  seen  to  great  advantage  also  in  cer- 
tain succulent  stems,  as  those  of  th&  potato,  by  cutting  the  stem  across  obliquely 
with  a  knife  in  bad  condition,  and  the  SeetLon  placed  under  the  mieroaeope  (Fig.  66). 

Thi^  are  of  very  delicate  structure,  and  xeqtnre  other  tissues  to  iadoee  and  ^otect 
them.  This  is  chiefly  performed  by  the  woody  fibv»,  and  thuaeaeh  veiB  of  akaf  or 
herbaceous  stem  has  its  central  bundle  of  spiral  veasda  inclosed  in  ft  covering  of 
woody  fibre. 

The  use  of  the  spiral  vessel  has  boen  the  subject  of  mueh  investigation,  and  it 
appears  probable  that  at  some  period  it  conveys  air  charged  with  an  increased  per 
centage  of  oxygen,  and  thus  becomes  a  system  of  internal  respiration,  much  after  the 
manner  of  the  distribution  of  the  tracheae  in  insects.  At  a  later  period  of  its  existence 
it  ia  probable  that  it  contains  fluid.  The  spiral  fibre  is  valuable  at  either  of  these 
periods  as  keeping  the  tube  open,  but  more  particularly  when  the  cavity  is  filled  by 
air  eiily. 


Figr.  66.— A  poitioa  of  a  bundle  of  spiral  vesiols  from 
the  stem  of  the  potato  plant  {Solatium  tuberosum), 
embedded  in  loose  cellular  tissue,  as  represented  at  a. 
The  tubular  character  of  the  tissue  is  well  seen  at  b^ 
where  the  separation  uf  the  fibres  permits  the  observer 
to  look  within  the  tube.  At  that  point  also  the  in« 
closinif  membrane  Is  well  delineated.  These  are 
of  large  size,  and,  with  those  of  Fig.  65,  may  well  re- 
present the  two  extreoies  of  development.  Mngii4fkai 
200  diameters. 
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Fig.67.— DircTS. 


taH^es  wiik  eonioal  ov,  rouiMbd  extremities,  and  their  sides  marked  by 
taaswetm  liaies  or  bara.  Their  size  is  about  twice  that  of  spiral  yessele. 
Their  appeonuMDeis  resry  TarioiiS)  aad  depends,  upon  the  direction  of  the 
spiral*  ^bre  which  aesimiiateB  dudtB  to  apiral  Teaselsy  or  the  presence  of 
other  intenial  deposits^  which  icradeis  them  Bot  unlike  pitted  tissiie. 

When  the  spire  is  so  arranged  as  to  diJ&r  from  that  of  the  spiral 
Tcssel  only  in  that  it  cannot  unrdl,  Hie  vessel  is  termed  a  closed  duct. 
When  it  is  broken  up  at  intervals,  so  that  single  coils  shall  be  detached, 
the  term  smndsr  is  applied  (Fig.  67),  and  properly  represents  the  rings 
which  are  so  commonly  founxl  in  ducts.  This  form  is  said  to  be  due  to 
the  rapidity  of  the  growth,  whereby  the  fibre  is  carried  along  more 
rapidly  than  the  membrane  can  be  produced. 

The  reiiotdated  duct  is  perhaps  the  most  interesting  of  the  various 
kinds  of  ducts,  and  appears  to  be  formed  either  by  twa  fibres  wound  in 
opposite  directions  so  as  to  cross  eax^  other,  or  by  a  single  fibre  which 
breaks  and  anastomoses  at  intervals.  The  characteristic  feature  ia  that  of 
a  net-work.  All  these  various  forms  of  duct,  and  also  other  medifiea- 
tions,  may  be  found  m  the  stem  of  a  full  grown 
garden  balsam.    The  succulent  stems  of  herbaceous       p  ^ 

plants  are  the  more  cconmon  positions  in  which        p  J' 

duds  are  found ;  but  they  are  abundantly  met        ^ 
with  in  the  softer  kinds  of  wood,  os  of  the  lime-        P 
tree  (T^iUa^^  willow  {Salix),  or  hiich.  {StttUa),  1 

We  canaot  omit  to  refer  again  to  the  analogies  which  exist  ^ 
in  the  atmctare  of  animals  an4  vegetables.  Thus,  in  the  animal  Figr.  68.— The  traohf«e 
kingdom^  we  have  a  tube  which  very  closely  resembles  a  spiral  oMhe  "water-beetle^ 
\esseif-^z^.  the  trache»of  insects.  This  is  elearly  shown  in  having  many  of  the 
the  aceonHpanying  figure  of  the  DytieuB  (Fig.  68),  which  repre-  tabYe'spkallu^t'^"" 
sents  atuhe  made  simply  of  a  fibre  inelosed  by  membrane. 

It  is  imneoeesary  to  ref^  to  all  those  Ibims  of  duct  in  which  we  find  a  secondary 
depomt  so.  arranged  as  to  giv«  the  i^peaiance  of  pits,  since  we  have  already  consiedered 
similar  structures  under  the  head  of  Bothrmchy^m  (pp.  7  and  17). 
But  there  ia  one  not  described  as  yet^-^^u;.,  the  Scalariform  or  laildcr 
duct.  This  is  so  called  from  the  resemblance  which  thetranscversc 
lines  bear  to  the  rounds  of  a  ladder.  The  sealari/orm  duct  is  of  con- 
siderable sixe,  and  usually  six-sided,  sQod  has  a  deposit  so  arranged, 
on  its  inner  side,  that  either  its  presence  or  its  absence  causes 
certain  transparent^lines  to  appear  at  very  regular  intervals.  In 
some  instances  so  many  as  twelve  sides  have  been  observed ;  but 
j  whatever  may  be  the  number  of  sides,  they  are  separated  by 

clearly  defined  perpendicular  lines.      The  transverse  bars  do  not 
Kg.  69.  —  Sculariform  P^^'^  quite  SO  far  as  the  boundary  line  of  the  side — a  circumstance 
yesscl,  showing  the  wMch  gives  a  greater  degree  of  resemblance  to  the  figure  of  a 
transverse    bars    on.,,       *'.,,     '^         ,         °         ^         .  ^  «i°  i 

nine  cidee,  and   the  ladder.     As  there  are  transverse  translucent  spaces  of  about  equal 
open  character  of  the  gize  and  at  equal  distances,  there  wUl,  of  course,  be    alternate 
transverse  and  equal  bars  separating  these  spaces.      These  bars 
are  continued  with  the]  boundary  line  of  the  ^de ;  and,  upon  the  whole^  it  appears 
probahife  that  the  deposit  has  been  plaoed  at  these  points,  and  that  the  translucent 


^ 
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lines  or  pores  are  the  parts  at  which  no  deposit  has  occurred.  It  is  still  in  dispute 
if  this  deposit  has  tvUkeiL  place  in  the  spiral  direction  so  commonly 
found  in  vegetable  deposits ;  but  it  is  quite  certain  that  in  a  few 
instances  the  scalariform  has  unrolled  like  a  spiral  vessel  (Fig.  70). 
The  use  of  these  vessels  differs  little,  if  at  all,  from  that  of  other 
ducts, — VIC,  that  of  conveying  fluids  with  rapidity ;  but  there 
is  this  great  peculiarity,  that  they  are  found  only  in  one  class  of 
plants — vtz.j  the  ferns  {Filices)^  and  there  supplant  all  other  forms  of 
vascular  tissue  (Fig.  71).  Thus  there  are  two  great  classes  of  plants 
which  have  distinguishing  anatomical  characters ;  viz.,  the  Conifer (d 
or  fir  tribe,  distinguished  by  its  glandular  woody  fibre,  and  the 
fern  tribe,  known  readily  by  its  scalariform  tissue.  The  scala- 
riform tissue  is  also  enduring  in  a 
remarkable  degree,  as  was  stated  of 
the  glandular  woody  tissue ;  for 
ferns,  like  firs,  are  abundantly  found  in  the  coal  measures, 
and  Professor  Quekett  discovered  it  in  a  funereal  urn  dug 
up  in  the  island  of  Anglesey. 


oSjiiiLuiiT 


Fig.  70. — A  portion  of 
a  large  scalariform 
dact,  with  nine  sides 
unrolling  like  a  spiral 
vessel,  and  showing: 
a  close  analogy  with 
spiral  structures. 


Fig.  71.— Bundle  of  scalariform 
vessels  inclosed  in  cellular  tis- 
sue in  the  common  brake  fern, 
the  Ptcris  aquilina. 


This  appears  a  favourable  point  at'which  to  request 
the  reader  to  look  back  and  observe  the  unity  of  design 
which  appears  to  pervade  the  whole  structure  of  plants. 
We  have  just  seen  that  there  is  not,  in  truth,  any  essential 
distinction  to  be  made  between  the  three  classes  of  vas- 
cular tissue  now  described— spiral  vessels,  ducts,  and  scala- 
riform vessels,  all  of  them  being  composed  of  a  mem- 
branous tube,  with  a  secondary  deposit  assuming  the  spiral 
direction.  It  is  also  evident  that  these  differ  in  no  essential  respect  from  Bothrenchym 
or  pitted  tissue ;  and  from  dotted  cells  and  fibre  cells,  only  in  size  and  figure. 
Thus  we  have  traced  the  essential  identity  of  the  tube  with  the  cell,  and  of  the  highly- 
figured  vascular  tissue  with  the  simpler  cells  with  a  secondary  deposit.  The  woody 
tissue  is,  in  like  manner,  an  elongated  cell  of  thickened  membrane. 

The  arrangement  or  classification  of  these  structures  is  not  as  yet  in  a  satisfactory 
condition,  and  it  is  yet  a  desideratum  to  find  out  some  general  feature  by  which  they  may 
be  grouped  in  a  less  artificial  manner.  That  one  which  has  already  been  referred  to 
— viz.y  the  simple  membrane  and  the  membrane  with  a  secondary  deposit — as  the 
basis  of  all  tissues,  is  a  step  in  the  right  direction.  It  is  clearly  unphilosophical  to 
regard  mere  markings  as  points  of  distinction,  where  there  is  not  real  difference  in 
structure  and  functions.  So  far  as  we  have  now  accompanied  our  readers  there  can 
be  no  difficulty  in  acknowledging  that  we  have  simply  passed  through  modifications  of 
a  simple  cell. 

X.aticifexous,  ox  SXilk-bearing  Vessels.— There  is  yet  another  very  inte- 
resting and  somewhat  less  simple  form  of  tissue  to  be  described— vts.,  the  milk-bearing 
tissue  so  readily  inferred  to  exist  from  the  white  exuding  juice  of  the  cut  dandelion 
{Leontodon),  and  poppy  {Papaver)^  or  the  yellow  juices  of  the  Chelidonium,  The  essential 
characteristics  of  this  tissue  is  its  branched  distribution,  and  the  intermitting  or  pul- 
satory motion  of  its  contents.  In  both  these  respects  it  differs  from  other  vegetable 
tissues,  and  corresponds  very  closely  with  the  blood-vessels  of  animals.     It  ia  well 
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kno-^n  tliat  nature  never  progresses  by  bounds,  but  by  gentle  ascents,  and  that,  not 

only  does  one  fundamental  structure  run  through  the  whole  of  vital  existences  (whilst 

the   anatomical   characters    of   widely  -  separated 

classes  are  yet  very  distinct) ;  yet  that  there  are 

certain  similarities  which  become,  as  it  were,  the 

larger   links  which  unite  them  together.      The 

structure  now  under  consideration  is   the  large 

link  which  binds  vegetables  and  animals  together. 

No   other    vegetable    vascular    tissue    uniformly 

branches,  and  none  has  a  pulsatory  motion  of  its 

contents ;  but  both  these  conditions  are  universal 

in   the  animal  kingdom.     There  is  yet  another 

similarity : — The  Zaetieiferous  or  milk-beaiing  tissue 

(Fig.  72),   is  devoted  to  the  maintenance  of  the 

vitality  of  the  other  vegetable  structures,  and  not 

to  any  ertameous  object  whatever.    If  a  stem  be  r*-  ^^--MAk  ,^^>,«^»/„^«3«.X" 

in  great  part  cut  through,  the  effect  is  to  kill  the     fig-tree,    showing  the  branched   and 

plant-not  so  much  by  destroying  its  functions  as     rj?Sf^Ttr  o?'the,?  ^n'fe'l.  k" 

by  pouring  out  the  milky  juice,  which  should 

maintain  the  life  of  all  the  structures — in  fact,  by  bleeding  it  to  deatb.    This  is  not  the 


Fig.  73. 


Fig.  74. 


Fig.  73.— Tbe  smallest  Teasels  or  capillaries  of  the  frog's  foot,  as  seen  by  the  microscope,  whilst  the 
circalation  is  proceeding,  a  indicates  a  vessel  of  a  larger  size,  which  subdivides  at  b  into  che 
capillaries.  The  vessels  anastomose  with  each  other,  and  branch  in  every  direction,  and  con- 
tain the  oval  bodies,  or  blood  globules,  which  correspond  to  the  granules  in  Fig.  74. 

Fig.  74. — ^Milk-vessels  of  a  water-plant— the!  Limnocharis  Humholdtii^  showing  their  granular  con- 
tents ;  and  the  walls  apparently  made  up  of  a  series  of  oblong  cells  of  cellular  tissue,  and  the  whole 
incloeed  in  hexagonal  cells,  as  shown  at  5.    The  arrows  indicate  the  direction  of  the  current. 

case  with  the  woody  tissue ;  for  if  that  were  nearly  drained  of  its  contents  the  plant 
would  not  necessarily  perish ;  but  if  the  milky  juice  be  withdrawn  too  abundantly 
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—as  from  thfi  cow-tree  (^lo  de  Vaeda)  of  Ceylon,  or  the  byii4Eya  tree,  of  Britiah 
Guiana,  whicli  yields  refreshing  joices^the  plant  droops  and  dies. 

The  similarity  between  this  stmetare  and  the  blood-yessels  of  flaimaltf  is  well 
seen  in  diagmms,  Figs.  73  and  74,  which  represent,  edde  by  side,  the  capflhHies  or 
smaller  blood-vessels  inihe  frog's  foot,  with  the  contained  Hood  highly  magnified,  and 
the  lacticifaroits  tissue,  widi  its  contents. 

The  imdulatory  or  pulsatory  motion  of  the  contents  of  the  tissue  may  be  well  seen 
in  the  Zimnoeharis  HumboUtii,  a  water-plarit  found  in  hot-houses  ^g.  74),  if  a  portion 
be  cut  o£^  and  exposed  to  the  sun  for  a  short  time,  and  subsequently  placed  in  water. 
The  exposure  to  the  sun  causes  so  much  eraporation  as  to  greatly  lessen  the  quantity 
of  fluid  in  the  vessels ;  and  the  subsequent  immeraion  in  water  enables  the  plant 


Fijf.  75.— The  Banyan  Trek  {Ficus  reliyiosa),  showing  its  oiiginal  trunka,and  the  branches  which 
have  passed  down  to  the  ground  and  taken  root,  and  have  become  new  centres  of  growth  and 
nourishment.    This  tr  je  is  so  large  that  a  regiment  of  soldiers  may  take  refuge  in  its  shade. 

to  supply  its  wants,  and  to  pump,  so  to  speak,  vigorously.  This  diagram  is  also  illustra- 
tive of  the  opinion  formed  by  certain  authors  as  to  the  relations  of  this  tissue— t;«js., 
that  it  is  very  analogous  to  mere  inter-cellular  passages.  In  this  view,  it  is  not  a 
distinct  tissue,  although  it  may  have  social  functions. 

The  latex,  or  milky  fluid,  is  of  immense  service  to  man,  in  two  ways  more  parti- 
cularly : — 

First — As  already  intimated,  it  constitutes  refreshing  beverages,  readfiy  obtained, 
and  in  large  quantities,  to  travellers  in  the  sunny  climes  of  Asia.  Such  .arc  the  cow- 
tree  of  South  America,  the  kiriaghuma  {Gymneuralactiferum),  and  hya-hya  {Jftberna- 
mantana  utilis)  before-mentioned,  and  also  the  Euphorbia  halaamifera,  of  the  Canary 
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lalands,  the  juice  df  wliich,  as  a  sweet  milk,  or  evaporated  to  a  jelly,  iir  taken  tB  a 
great  delicacy,  and  the  Banyan  tree  {Fieua  reU^9a—Fig,  75).  Many  of  iSiese  jidoes 
also  contain  medicinal  properties  of  great  value. 

Secondly— In  the  production  of  caoutchouc,  or  India-rubber.  This  inrdnable  sub- 
stance is  found  in  all  plants,  but  more  particularly  in  the  Fig,  Euphorbia,  and  Cactus 
trees  of  the  East  Indies,  South  America,  and  Afdca  within  the  torrid  zone.  Of  all 
these,  the  fig,  Imown  as  the  FicMy  or  Siphonia  clastiea,  is  the  most  vahiable ;  but  in  *fiie 
countries  where  the  manufacture  of  India-rubber  is  a  daily  occupation,  it  is  not 
exclusively  selected.  This  increased  quantity  of  caoutchouc  in  the  latex  of  hot  cli- 
mates is  believed  to  be  due  to  the  powerfully  elaborating  property  of  the  sun's  rays  in 
those  climates. 

The  following  is  the  mode  in  which  the  India-rubber  is  prepared  'from  tlie  mSIky 
juice:— 

The  natives  having  selected  a  fine  specimen  of  the  Siphonia  eUtstica^  sixty  ifeefr  in 
height,  make  deep  incisions  into  its  smooth,  brownish-gray  bark;  after  which  the 
white  j-uice  flows  forth  in  considerable  abundance.  Before  it  dries  upon  the  trunk,  or 
in  a  bole  at  the  foot  of  the  tree,  it  is  spread  over  bottles  of  unbumt  clay,  and  dried 
over  a  smoking  fire  ;  care  being  taken  to  prevent  the  flame  burning  it.  When  it  is 
dried,  another  coating  of  tbe  juice  is  placed  upon  it,  and  that  again  is  he^d  over  the  fire ; 
and  the  process  is  thus  repeated,  imtil  the  required  thickness  has  been  attained.  When 
the  process  is  completed  the  bottle  of  clay  is  broken  and  the  pieces  extracted ;  after 
whicb  the  Indian-rubber  is  ready  for  the  market.  It  is  met  wifli  in  commerce  of  various 
colours,  terminating  in  a  deep  black  ;  but  the  juice  is  originally  colourless,  and  ilie 
colour  is  produced  by  the  smoke  in  which  it  is  immersed  in  the  process  of  drying. 

This  tissue  is  found  in  all  parts  of  a  plant ;  but,  from  its  ramifications  amongst 
other  tissues,  cannot  be  readily  separated.  It  is  most  readily  seen  in  the  fresh  stipules 
of  the  Ficus  elaatica. 

Chitta^pexcha  is  another  invaluable  substance,  recently  obtained  from  the.  ?»ff^ 
of  certain  plants,  and  especially  of  the  class  called  Sapotacea,  abounding  in  the  Indiou 
Archipelago.  The  trees  whence  it  is  obtained  are  large,  but  not  otherwise  valuable. 
The  g^tta-percha  is  obtained  by  incising  the  bark  and  collecting  the  milky  juice,  which 
speedily  coagulates.  Each  tree  yields  from  twenty  to  fifty  lbs.,  so  that  the  destruction 
of  a  laige  number  of  trees  is  required  in  order  to  meet  the  present  enormous  demand 
for  this  article  of  commerce.  It  appears  that  the  proper  term  is  Gutta-Pulo-Pcrcha — 
gutta  signifying  gum  in  the  Malay  language,  and  Pulo-Percha  the  island  whence  it  is 
obtained.   "When  translated  into  English  words,  it  is — **  gum  of  the  ragged  island." 

The  SeczetioAS  of  Plants. — ^We  now  proceed  to  describe  the  chief  secretions 
of  plants,  some  of  which  are  of  the  utmost  value  to  man.  They  are— Starch,  Ri^hides, 
Silica,  Oils,  and  Fats,  and  the  colouring  principles  of  plants. 

Stareli. — This  alimentary  substance  was,  until  recently,  believed  to  be  pecmliar  to 
vegetables ;  and,  although  it  is  not  strictly,  it  is  almost  exclusively  confined  to  them. 
It  is,  moreover,  the  chief  element  in  vegetables,  which  renders  them  fit  to  be  the  fbod  of 
animals,  and  enjoys,  therefore,  a  position  of  the  utmost  importance.  Starch  is  not  to 
be  understood  as  directly  represented  by  the  article  of  commerce  which  bears  its  name ; 
for,  although  that  is  starch,  it  has  been  so  prepared  as  to  lose  the  anatomical  ciiarac- 
teristics  which  starch  in  its  natural  state  possesses.  All  plants,  probably,  possess  this 
substance,  but  in  very  unequal  degrees;  and  it  is  only  when  it  exists  in  quantities 
much  greater  than  the  plant  requires  for  its  own  purpbses  that  it  is  sought  after  by 
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man.  As  a  rule,  a  vegetable,  if  nutritious  at  all,  is  so  in  proportion  to  the  amouat 
of  starch  which  it  contains ;  but  there  are  many  plants  which  yield  starch  in  tole- 
rable abundance,  but  which  are  inedible  from  the  presence  of  acid  or  poisonous  fluids. 
In  selecting  articles  of  food,  it  is  needful  to  bear  both  these  facts  in  mind.  It  is 
most  abundanUy  found  in  the  seeds  of  plants,  and  especially  in  the  cereals,  or  wheat 
tribe;  and  thence  this  article  of  diet  is  accounted  to  be  very  nutritious.  It  is  also 
met  with  in  the  cellular  tissue  of  plants,  and  especially  in  the  cellular  matrix  of 
such  underground  stems  as  the  potato,  turnip,  and  radish,  and  the  stems  of  such, 
plants  as  the  sago-palm-flg,  whence  it  is  obtained  in  large  quantities.  Green  vegetables 
contain  a  considerable  proportion  of  starch  at  the  period  of  their  maturity ;  but  they 
are  nutritive  beyond  the  quantity  of  starch  contained  by  them,  since  the  vegetable 
structure  itself  has  a  very  similar  chemical  composition  to  that  of  starch.  Starch  is  also 
found  in  the  bark  of  trees ;  and,  during  periods  of  famine,  the  bark  of  certain  trees  in 
this  country  has  been  made  into  bread. 

This  practice  .was  more  common  in  the  northern  countries,  where  Natiure  has  less 
bountifully  distributed  her  treasures.  Mr.  Laing,  in  his  interesting  "  Journal  of  a 
Residence  in  Norway,"  states  that  he  observed  many  trees  which  had  been  thus  dila- 
pidated; and,  after  referring  to  the  country  mode  of  grinding  meal,  remarks — "  This 
mode  of  grinding  and  baking  makes  intelligible  the  use  of  bread  of  the  bark  of  the  fir- tree 
in  years  of  scarcity.  Its  inner  rind  (liber),  kiln-dried,  may  undoubtedly  be  ground  along 
with  the  husks  and  grain,  and  add  to  the  quantity  of  meal— it  may  even  be  nutritious. 
I  had  previously  been  rather  disposed  to  doubt  the  fact,  and  to  laugh  at  the  idea  of  a 
traveller  dining  on  sawdust  pudding  and  timber  bread.  In  years  of  scarcity,  however, 
this  use  of  fir-bark  is  more  extensive  than  is  generally  supposed.  The  present  dilapidated 
state  of  the  forests  is  ascribed  to  the  great  destruction  of  young  trees,  for  this  purpose, 
in  the  year  1812." 

But,  notwithstanding  its  universal  distribution,  it  is  to  be  found  in  quantities 
only  in  the  storehouses  provided  by  nature — viz.,  the  seeds  and  fruit  of  plants ;  the 
potato  (Solatium  tuberosum)^  carrot  {Daucua  carota),  turnip  {Brassica  rapa),  and  similar 
underground  stems,  as  they  are  termed ;  and,  lastiy,  the  stems  of  palms,  and  similar 
etidogenous  plants. 

Amongst  plants  which  yield  an  acrid  juice  with  the  starch,  we  may  first  mention 
the  tapioca  plant,  or  Txicca  duke,  the  sap  of  which  is  used  to  poison  the  arrows ; 
but  the  starch  is  fitted  for  food  after  the  roots  have  been  beaten,  dried,  heated, 
washed,  and  pressed.  The  common  arum  of  this  country  was  formerly  collected 
on  account  of  the  starch  or  arrowroot  contained  in  its  corm  or  imderground  stem ; 
but  the  aridity  of  the  juice  was  so  great  as  to  cause  the  hands  of  the  operator  to 
inflame. 

The  horse-chestnut  is  not  edible  for  the  like  reason,  although  it  contains  much 
starch,  and  is  excellent  food  for  some  inferior  animals.  It  is  also  known  that  whilst 
the  tubers  of  the  potato  are  so  wholesome,  the  berries  are  poisonous.  The  horse- 
chestnut  was  tried  in  this  country  as  an  article  of  diet  in  1846,  but  its  acidity  arrested 
its  use. 

Those  plants  which  offer  the  starch  unmixed  with  deleterious  matters  are  : — 

Ist.  All  the  grasses,  including,  wheat,  oats,  barley,  rye,  and  all  trindar  seed-bearing 


2.  Many  leguminous  and  cruciferae,  or  pod-bearing  plants,  such  as  the  pea,  bean, 
and  lentil,  cabbage,  and  turnips.  [ 
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3.  The  Maranta  arundinaeea,  or  arrow-root  plant. 

4.  The  sago  palm. 

5.  Several  bulbs  and  tubers,  as  the 
onion  and  potato. 

6.  A  species  of  plantain,  which 
offers  it  so  abundantly  and  in  small 
masses  that  it  was  introduced  and  sold 
in  this  country  as  flour. 

The  most  interesting  illustration  of 
the  admixture  of  deleterious  and  edible 
substances  is  that  of  the  preparation  of 
the  Cassava  meal,  a  kind  of  arrow-root, 
from  the  Mandhcca  faHnha^  a  tree  pos- 
sessing excellent  starch,  and,  at  the 
same  time,  the  most  poisonous  juices. 
Its  preparation  is  thus  graphically  de- 
scribed by  M.  Schleiden  :— 

"  In  a  dense  forest  of  Guiana  the 
Indian  chief  has  stretched  his  sleeping 
mat,  between  two  high  stems  of  the 
magnolia;  he  rests  indolently  smoking 
beneath  the  shade  of  the  broad-leaved 
banana,  gazing  at  the  doings  of  his 
family  around.  His  wife  pounds  the 
gathered  mandive  roots,  with  a  wooden 
club,  in  the  hollowed  trunk  of  a  tree, 
and  wraps  the  thick  pulp  in  a  com- 

pact  net,  made  from  the  tough  leaves  ^'*- "'•-^"^JJJr^n.SSiS'Skrth"'  '**  ~™'^" 
of  the   great  lily  plants.      The  long 

bundle  is  hung  upon  a  stick  which  rests  on  two  forks,  and  a  heavy  stone  is  fastened  to 
the  bottom,  the  weight  of  which  causes  the  juice  to  be  pressed  out.  This  runs  into 
a  shell  of  the  calabash  gourd  (Creseentia  Cujete)  placed  beneath.  Close  by  squats  a 
little  boy,  and  dips  his  father's  arrows  in  the  deadly  milk,  while  the  wife  lights  a  fire 
to  dry  the  pressed  roots,  and  by  heat  to  drive  off  more  completely  the  votalile  poison- 
ous matter.  Next,  it  is  powdered  between  two  stones,  and  the  cassava  meal  is  ready. 
Meanwhile,  the  boy  has  completed  his  evil  task ;  the  sap,  after  standing  some  con- 
siderable time,  has  deposited  a  delicate,  white  starch,  firom  which  the  poisonous  fluid 
is  poured  off.  The  meal  is  then  well  washed  with  water,  and  is  their  fine  white  tapioca, 
resembling  in  every  respect  arrow-root.** — Let  not  our  readers  be  alarmed  when  they 
eat  their  next  tapioca  pudding;  but  yet  it  may  be  well  to  remember  how  closely  life  and 
death,  are  associated. 

Starch  is  met  with  in.  two  forms : — 

First,  amorphous;  that  is  in  fine  powder,  without  any  distinct  form  or  marking,  as 
in  the  Safepy  commonly  sold  in  this  country. 

Secondly,  and  almost  universally  in  the  form  of  variously-figured  cells. 

We  have  nothing  to  add  in  reference  to  the  former,  except  that,  in  common  with 
the  other  form,  it  is  found  inclosed  in  the  large  cells  of  vegetables,  as  may  be  seen  in  the 
section  of  the  potato  (Fig.  83),  and  that  the  presence  of  both  alike  may  be  ohemi- 
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cally  demonstrated,  if  a  drop  of  a  solution  of  iodine  be  added  to  the  smallest  quantity 
of  starch  and  water,  and  placed  under  the  microscope.  The  chemioal  effect  of  the 
iodine  is  to  colour  the  starch  of  a  beautiful  deep  violet  shade.  We  may  aho  add,  that 
aa  starch  has  the  property  of  polarizing  light,  its  presence  may  be  readily  shown  by 
placing  it  in  the  microscope  with  the  polarizing  apparatus. 


Fig.  77.— The  Saoo  Palm  {Cycas  revoluta),  containing  a  large  quantity  of  starch  in  its  stem. 

Further  attention  is,  however,  necessary  to  the  consideration  of  the  seoond  kiod-of 
starch,  or  that  consisting  of  cells;  and  chiefly  on-tiie  ground,  that  it  is  potaible  to  dis- 
tingoish  the  staiok  gtadn»  or  odls-of  one  pbmt  from<  those  of  another,  aad  tliiHP  to 
detect  the  adulterations  which  are  practised  in  referenoe'  to  fLCKor^  hmad,  arrow-voot, 
and  other  artielesof  fiiciiiaeeoiiKfood.    Much  attsntiOB  has  been  givea^to-this  nwtter 

•  ddzia^tiie  past  rben  yoBo^  and  wxtii  iSioR  zoiult,  it  iebolieyMi,  of  h«?ing  leaaeroil^  at  least^ 

;  the.£aeqiioiiBy  'witihrwiiieh  fiannd^haB-b^m  pofpetnttoi:^ 

'       StflfeclLgrsixn  «ub  'diatinguiriied  feom:  eadi  other ^bjr  their  azse,  figfttPR^taad  Trwiringpi . 
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In  reference  to  their  size  it  will  suffice  to  glmce*  at  Fig.  78,  to  show  thact  it  yarie  °° 
very  greatly,  and  that  it  is  very  small  in  the  rice  (Fig.  78  a),  and  very  large  in  the  T(nt8 
leg  Mbis  (Fig.  78  b) ;  whilst  wheat  (Fig.  78  e)  and  potsto  (Fig.  78  <?)  stanroh  occupies  > 
medium  position^  The  ordinary  figure  is  rounded  or  oval,  sometimee-nmeh  flattened,  as 
in  iibe.  Curcuma  leucorrhiza,  or  East  Indian  arrow-root;  less  flattened,  as  in  the  wiieat 
and  barley ;  oval  and  roundish,  as  in  the  potato  and  the  pea  (Fig.  78  t).  Thefigure 
however,  although,  permanent  in 


each  variety  in  its  general  ehazac- 
actenstics,  varies  canaiderahLy. 
In  every  speeimen  a  mnHatadeof . 
smaller  or  imp^rfeotly-der^bped 
grannies  will.be  obsenred;.  and. 
they  do  not  assume  the  fomr 
which  is  obtained. by  the  perfect 
grannie^  The.  coiisidemtion  of: 
the  nwirlcfngw  and  their  iiature  is 
the  most  interesting. and  impor- 
tant part  of  the  subjeet^  inasmuch 
as  they  are  most  permanfint,  and 
inqsly  an  acquaintatice  with  the 
stroctare  of  the  cell.  We  shall 
therefore  say  a  few  wards  in  re- 
ference to  the.  composition  of  the 
stardi  grain  before  we  deseribe  the 
markings  which  distinguisdi  the 
YKOOfoa  kinds  of  starch. 

A  reference  to  Fig.  78  will 
G&ow  that  in  almost  all  instances 
there  is  a  central  spot  (Fig. 
78,  1),  called  the  hcle.Qr  hilum, 
ftnA  that  a  series  of  lines  arrange 
themselv^  aiound:it.  This  will 
be  better  seen  in  'Fig.  78  c,  which 
repceaeats  the  cell  mudi.  more 
highly  magnified.  The  nature  of 
both  of  these  is  tiiie  pointia  dispute^ 
There  is  a  cell-wall,  as  may  be 
seeain-Fig.  78  ^,  inwhicdi,  on  the 
appEcation  of  hea^  it  has  rop- 
tnred^  and  is  a  litlde  refleotedL 
Butiis  iQuTQ  no  oeotEal  cffirity^taid 
do  the  lines  obs«Ted>OB  the  grah 
milea-  ccETespondi  widi  i  layoocB 
widiitt  tiie  celUwaU?  Thete-/ 
fiove^fieen^iwolea&tgviewB  oa 


Fig.  78. — The  more  common  forms  of  tlie  starch  oell. 
o,  rice,  very  small  and  angular. 
bf  sago,  larger,  rounded,  and  granular. ' 
c,  wheat,  do.,  do.,  faintly  marked  with  concentric  lines. 
flf,  X>otato ;  medium  size,  flattened,  and  with  well-marked 

lines. 
e,  the  same,  more  highly  magnified,^  so  as  to  show  the 

nucleus,  1,  and  the  markings,  2. 
/,  JbmmhsMeu,  Use  Uurgeat  kind  of  stareh,  of  ovaljafenpe^ 

weU-developed  markings,  and  sometimes  with  a  doable 

hilum,  1. 
g,  the  samov  raptui'td  by  the  appUcaiiom  of  heat,  m  thu* 

the  meaobrane  at  A  is  setraoted  and  corrugated*  and  tho 

contents  exposed. 
i,  the  starch  of  the  'Common  pea  (Pi* mm),  with  ita  deep 

central  folding  or  cavity.    The  precise  figure  of  this 
f  cavity  or  folding  differs  in  TariousgcaiBs. 


1st.  That  the  starch  granule  is  really  atr-vmid&.or  :cdl^  Iia!iing«aQRlBdbaiBg';wmH» 
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2iid.  That  it  is  a  soUd  body,  constituted  by  layers  one  upon  the  other,  beginning 
either  within'(centripetal),  or  without  (centrifugal). 

On  the  first. of  these  theories  the  markings  upon  the  surface  are  produced. by  the 
folding  of  the  cell- wall ;  and  on  the  second,  by  the  successive  layers  of  the'solidstarch. 

Leeuwenhoeck,  a  celebrated  microscopist,  published  certain  investigations -.made 
by  him  nearly  a  century  and  a-half  ago,  in  which  he  showed  the  cellular  character 
of  starch.  Since  his  era  many  eminent  observers  have  adopted  his  views,  with 
certain  modifications ;  and  very  recently  two,  whose  experiments  we  shall  describe, 
— viz.y  M.  Martin,  the  librarian  of  the  Imperial  Polytechnic  Institute  at  Vienna, 
and  Mr.  Busk,  a  distinguished  naval  surgeon  and  microscopist.  Both  these  gen- 
tlemen agree  in  the  theory  of  the  constitution  of  the  starch  granule — viz.y  that  it  is  a 
cell,  having  a  ceU-wall  much  larger  than  the  contents  of  the  cell  in  the  dried  state, 
and,  therefore,  puckered  and  plaited,  as  indicated  by  the  lines  upon  the  surface.  M. 
Martin  says,  that  "the  primary  form  of  the  starch  grain  is  a  spherical  or  ovate  cell.  If 
this  be  considered  as  empty,  and  so  contracted  that  one-half  lies  in  the  other  half,  a 
watch-glass-shaped  .basin  is  formed,  which;  after  boiling  and  pressure  between: two 
glasses,  appears,  in  consequence  of  the  delicacy  and  elasticity  of  the  membrane,' as  a 
flat,  round-edged  disc."     Thus,  in  his  opinion,  the  ovate  cell  is  inrolledupon<  itself.  i.> 

Mr.  Busk  has  not  satisfied  himself  in  reference  to  this  unfolding  of  the  membrane, 
but  thinks  that  the  swelling  up  of  the  cell  by  the  addition  of  strong  sidphuric.'acid 
rather  indicates  the  distinction  of  plaits  or  folds,  and  more  particularly  in  such 
varieties  of  starch  as  have,  when  dried,  a  puckered  centre,  as  is  exhibited  in  Figs.  78  t, 
and  80.  As  this  is  a  most  interesting  and  undetermined  question,  and  one,  more- 
over, which  our  intelligent  readers  who  have  microscopes  may  be  desirous  to  investi- 
gate, we  subjoin  the  methods  adopted  by  the  observers  just  mentioned.  ... 

In  any  examination  of  starch  it  is  only  necessary  to  take  a  pin*s  point  of  flour  of 
wheat,  or  of  some  other  grain,  or  to  scrape  a  very  little  morsel  from  the  cut  surface  of 
a  potato,  and  in  both  cases  the  starch  will  be  found  partly  in  free  grains  and  partly 
inclosed  as  masses  of  grain  within  the  cellular  tissue  of  the  plant. 

The  grains  of  Tous  les  Mots  (Fig.  78/)  are  the  largest,  and  therefore,  in  many  re- 
spects, the  most  convenient  for  examination ;  as  also  those  of  the  horse-chestnut  (Fig. 
79),  and  pea  (Fig.  78  t),  when  it  is  desired  to  notice  the  unfolding  of  the  central 
puckerings. 

M.  Martin's  method  was  as  follows  : — "  Between  two  very  thin  glasses,  of  the  same 
size  as  the  stage  of  the  microscope,  a  little  starch,  with  a  sufficient  quantity  of  water, 
is  to  be  put,  and  the  former  well  spread  out  with  the  finger,  to  prevent,  as  much  as 
possible,  the  formation  of  bubbles.  The  number  of  starch  grainy  in  the  field  of.  view 
should  not  eicceed  ten  or  fifteen.  '  The  glasses  should  lie  freely  on  the  spring-piece, 
which  must  be  raised  by  means  of  two  pieces  of  c(»:k,  introduced  below  it,'  so  that 
while  the  two  glasses  are  lying  right  upon  the  object-bearer,  a  curreht^f  cold  air  will 
ascend  from  below,  and  permit  the  litde  flame  to  continue  burning  in  the  hole  of  or 
below  the  stage.  As  the  glasses  are  wide  they  protect  the  microscope  from  too  great 
a  heat  or  other  danger.  The  small  flame  is  to  be  obtained  from  a  common  thread, 
doubled  an4  slightly  waxed.  This,  when  ignited,  gives  a  flame  quite  sufficient  to  boil 
the  starch.^' — The  object'of  this  experiment  is  to  cause  the  distension  of  the  ceQ-wall 
by  the  introduction  within  the  cell  of  hot  water,  and  thereby  to  notice  what  changes 
take  place  in  the  markingB  upon  the  surficuie. 

Mr.  Btiak  seeks  the  same  end  by  applying  the  most  poweifril  of  addfi-^-rte.,  concen. 
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trated  sulphuric  acid,  or  oil  of  vitriol.  Our  readers,  whilst  repeating  this  experiment, 
most  exercise  the  greatest  caution  lest  they  bum  their  fingers  and  clothes.  The  fol- 
lowing is  Mr.  Busk's  method : — "  A  small  quantity  of  the  starch  is  placed  upon  a  slip 
of  glass,  and  covered  with  five  or  six  drops  of  water,  in  which  it  is  well  stirred  about ; 
and  with  the  point  of  a  slender  fod  of  glass  the  smallest  quantity  of  solution  of  iodine 
is  applied,  which  is  to  be  quickly  and  well  mixed  with  the  starch  and  water.  Any 
excess  of  water  must  be  allowed  to  drain  off,  leaving  the  moistened  starch  between, 
and  a  portion  of  it 
is  then  to  be  covered 
with  a  piece  of  thin 
glass.  It  must  then 
be  placed  on  the 
microscope,  and  a 
quarter  or  one-fifth 
object  glass  brought 
to  a  focus  close  to 
the  upper  edge  of 
the  piece  of  thin 
glass.  With  a  slen- 
der glass  rod  a  small 
drop  of  sulphuric 
acid  is  to  be  care- 
fully j>laced  inmie- 
diately  upon,  or 
rather  above,  the 
edge  of  the  cover, 
care  being  taken 
that  it  does  not  run 
over  it.  The  acid, 
of  course,  quickly 
insinuates  itself  be- 
tween the  glasses, 
and  its  course  may 
be  traced  by  the 
rapid  change  in  the 
appearance  of  the 
starch  grains  with 
which  it  comes  in 
contact.  The  course 
of  the  acid  is  to  be 
followed  by  moving 
the  object  upwards ; 
and  when,  from  its 
diffusion,  the  re- 
agent begins  to  act 
more    slowly,    the 

peculiar  changes  in  the  starch  granules,  now  also  less  rapid,  may  be  readily  witnessed." 
M.  Martin  thus  describes  the  changes  observed  by  him  : — "  First  the  starch  grain 
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Budcsin  that  place  idiere  the  nuoleiis  is  situated.  On  the  smfMie  minute  fissares 
•appoBTy  two  of  wliieh  almost  regularly  diTerge  towardfi  the  tfaieher  end  of  the  g^ain. 
The.  grain  continiies  to  be  depressed  inwards  until  a  oavitj  isfoimed,  which  is  sur- 
reiuided  by  an  elevated  edge.  In  proportion  aa  iSie  grain  swells  up,  titus  ridge  increases 
in.eiicnni£Bnmee,  and  decreases  in  breadth ;  that  is,  continues  to  get  flatter,  untilfissures, 
mostly  of  a  star-like  form,  appear  in  the  hitherto  little  altered  thicker  part  of  the  grain. 
The  process  is  not  very  rapidly  derebped,  and  it  is  very  difficult  for  the  ^e  to  foILow 
it.  Suddenly  something  is  torn  off,  the  grain  is  extended  lengthways,  and  in  the  next 
moment  a  wrinkled  «km  of  a  rounded,  generally  oval  shape,  lies  on  the  glass." — Fur- 
ther examination  shows  that  they  are  collapsed  bodies,  consisting  of  an  extremely  jBnc, 
but  strong  and  elastic,  membrane. 

Mr.  Busk  obtained  a  different  Impression  fin>m  his  experiment.  He  considered  that 
the  line  upon  the  surface  were  simply  plaits  or  ibldings,  and  that  the  whole  process 
consisted  of  unfolding  these  plaits,  and,' by  distending  the  cell,  to  reader  thO'^elL- 
waU  perfectly  plain  and  £nee  from  any  .markings.  In  Fig.  79  a,  we  have  the  starch 
of  the  horse-chestnut  .in.- its  unaltered  state,  and  at  b  is  represented  a  stage  of  the 
unfolding  which  results  from  the  use  of  the  sulphuric  acid.  Fig.  79  c,  d,  and  e, 
repBesent  other  views  of  this  pcoeess,  showing  that  iske  -  cell  becomes  gradually  larger, 
TattU  it  reaches  *,i^e  great  -size  figured  ~at  p.  The  fringe  around  the  %ures  c,  n, 
and  E  he  regards  as  plaits  in  the  inraeess  of  being  unfiilded. 

.Figs.  80  a  bf  have  been  copied  from  Schlieden's  trork,  and  repres^it  the.  starch 
front  the  comtug  or  roots  of  iihe  Arum  macidatum 
of  one  hedges,  and  of  the  Coichieum  autumnale,  in 
whifih  the  star4ike  centre  is  presumed  by  Mr. 
Busk  to  indicate  the  centftd  folding  of  the  mem- 
brane referred  to  by  him. 

On  a  review  of  the  whale  evidence  now  offered, 
we  may  infer  that' the  starch  granule  consists  tf 
a  ceU-wall,  i»ntracted  and  plaited  when  dry,  And 
smooth  and  distended  when  heated  with  ..Ttnois- 
ture,  and  also  of  eontents  in  insufficient  quan- 
tity to  fill  it,  and  thereby  leaving  a  central 
cavity. 

On  this  prinieiplo,  it  is  di&cOlt  to  conceive 
that  the  plaits  can  retain  the  same  characters 
in  the  aasie  plants  tmder  all  atmoi^ieric  condi- 
tions ;  and  it  is  proper  Ihat  we  should  «tate  that 
Dr.  Allman  ^f  Dublin  has,  during  the  present 
year,  published  an  artiele  in  tiie  Quarterly 
Journal  of  Microscopic  Science,  in  whieh,  by 
the  same  processes  as  those  above  indicated,  he 
has  come  to  totally  o]^osite  conclusions.  In  his 
opinion  the  statement  of  Fritzscho  is  correct — 
viz.y  that  the  starch  cellifl  in  fact  a  series  of  cells, 
placed  within  each  other,  as  exhibited  in  Fig.  80  a. 
following  words : — 

1st.  That  the  starch  granule  consists  of  a  series  of  >ltnnelliB,  in  the  ibrm  of  closed 
h^Uow  cells,  included  one  within  the  other,  the  most  internal  indosing  a  minute  cavity 


Fig.  80.— Starch  cells  copied  from 
Schlieden. 
a,  those  of  the  Colchievm  4iitiunmaie. 
&,  'those  of  the  Arum  maculatum,  both 
showing  in  different  degrees  the  central 
folding  or  cavity, 
c,  th«-central  cavity  well  developed  in  the 
starch  of  the  lais. 

He  sums  up  his  opinions  in  the 
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filled  with-araorphouB  (?)  atazoh ;  .that  the  concentric  striee  visible  in  the  g^ranula  indi- 
cate the  «urfaces  o£  contact  of  .theae'lamellse;  and  that  thaso*called  nucleus  of  Fritzsche 
coiseqMmds  to  tho  central  cavity. 

2nd.  Hiat  while  the  lamellsB  -^pear  to  be  all  identical  in  chemical  constitution, 
yet  the  internal  differ  from  the  external  in  consistency  or  other  conditions  of  inte- 
gration. 

3rd.  That  the  order  of  deposition  of  the  lamellae  is  centripetal. 

4th.  That  while  the  starch  granule  is  thus  a  lamellated  vesicle,  it  cannot  be  incuded 
in  the  category  of  the  true  vegetable  coll,  from  which  it  dffcrs,  not  only  in  the  absence 
of  a^proper  nucleus,. but  in  presenting  no  chemical  differentiation  between  membrane 
and  contents. 

So  widely  do  equally  eminent  observers  disagree  ia  their  description  of  the  same 
object  as  seen  by  the  some  means ! 

Eice  (Fig.  78  a)  is  known  by  the  small  size  of  its  grains,  by  their  angularity,  and 
the  absence  of  evident  markings. 

Sago  stanch  (Fig.  78  b)  is  very  much  larger  than  that  of  rice,  but  still  less  than 
that  of  wheat ;  it  is  rounded,  and  its  surfeicc  is  rather  granular  than  plaited. 

Wheat  starch  (Fig.  78  c)  occupies  a  medium  position  in  point  of  size,  and  is  more 
regularly  round  than  any  grain  of  similar  size.  Its  markings  are  not  so  distinct  as 
those  of  the  i>otato. 

Potato  starch  (Fig.  78  d)  is  distinguished  from  wheat  starch  by  its  large  size 
irregularity  of  outline,  and  flattened  lenticular  figure.  The  plaitings  on  its  surface  are 
very  distinct,  as  is  also  the  hilum  around  which  they  are  gathered. 

Pea  starch  (Fig.  78  i)  is  in  size  about  equal  to  that  of  wheat ;  but  it  differs 
remarkably  in  its  flattened  flgure  and  the  star-like  plaits  which  invariably  occupy  its 
centre-    ' 

Tous  les  mots  (Fig.  78  g)  is  the  largest  of  all  known  forms  of -starch,  and  from  its  size, 
Toid  flgure,  and  eoncentric  rings,  is  not  unlike  a  cocoon.  It  has  occasionally  two 
hilums  or  holes,  and  its  markings  are  usually  very  regular.  This  article  enters -largely 
into  the  commerce  of  the  day. 

The  starch  grains,  found  in  tho. Uttphorbias  (Fig.  82  cz)  ore  very  characteristic,  and 
are  readily  distinguished  by  their  dumb-bell  form 
from  those  of  any  other  plant.    The  same  grains 
are  seen  in  Fig.  82  i,  floating  in  the  jnilky  juice 
of  the  laticiferous  tissue. 

Wheaten  flour,  when  adulterated  with^inferior 
starch,  is  usually  'mixed  with  potato,  pea,  or  rice 
starch,  each,  of  which  may  be  distinguished  under 
the  microscope.  So  also  with  wheaten  bread,  if 
the  smallest  crumb  be  broken  up  in  water,  and 
examined  in  the  ordinary  way. 

It  is  not  known  if  the  varieties  of  starch 
possess. any  variation  in  the  degree  of  their  jnitri- 

tive  properties.  It  is  therefore  the  quantity  of  pure    Fig.  82.-*Starch  cells  in  the  Eufhobbias. 
starch  which  any  substance  ^^ti  yield,  conjoined   *»  floating  in  the  milk  vessels, 
with  the  abundance  and  ease  with  which  the  sub- 
stance may  be  obtained,  that  gives  the  market- 
able value.     It   is   also  of  importance  to  determine  the  state  of  perfection  of  any 


,  greatly  magnified,  so  as  to  show  their 
dumb-bell  figure. 
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starch-yielding  plant,  since,  in  reference  to  fresh  vegetahles,  the  quantity  of  [starch 
differs  with  the  season  of  the  year.  .  Thus  in  the  potato  the  least  proportion  of 
s  tarch  is  found  at  an  early  and  a  later  period,  and  consequently  the  full-deyeloped 
potato  is  the  most  valuahle.  JMoreover,  the  state  of  health  of  a  plant  is  of  moment ; 
for  in  disease  the  secretion  of  starch  diminishes. 
This  has  heen  painftilly  investigated  in  connexion 
with  the  potato  hlight ;  and  it  has  heen  shown 
that  not  only  does  ie  quantity  of  starch  diminish  , 
with  the  advent  of  the  disease,  hut  cells  of  another 
and  an  injurious  nature  appear.  These  now  cells 
are  of  the  lowest  order  of.  growth,  such  as  the 
mushroom,  and  received  the  name  of  the  "  potato 
fungus."  . 

The  diagrams,  83,  84,  and  85,  represent  this  con- 
dition; Fig.  83  showing,  the  potato  in  a  healthy  and 
vigorous  condition,'  with  the  cellular  meshwork 
filled  with  "starch  granules;  Fig.^ 84  shows  the 
same  cells  nearly  emptied  of  their  contents ;  and 
Fig.  85  the  diseased  cells  occupied  by  the  fungus 

growth.  ,The  inference  to  be  derived  Jfrom  these  fects  is,  that  old  potatoes  are  not 
valuable,  and  that  the  diseased  parts  should  be  carefully  removed. 


l^i^ 


Fig.  83.— Potato  in  its  healthy  and 
mature  condition. 


Fipr.  84.— A  slice  of  a  potato,  as  it  appears 
after  germination,  when  it  is  thoroughly 
withered ;  or  as  produced  hy  disease*  at 
the  commencement  of  the  f  potato  dis- 
ease."  The  cell-wall  remains,  but  nearly 
the  whole  of  the  starch  has  heen  removed. 
A  few  grains  remain,  as  shown  at  a. 


rwdr 


Fig.  85.— Diseased  potato,  showing  the  pre- 
sence of  a  fungus  at  5,  and  the  isolated  grain 
of  starch  at  a. 


The  ordinary  starch  of  laundresses  is  oftentimes  prepared  from  potatoes  which  are  not 
fit  for  the  food  of  man ;  but  the  purest  kinds  are  obtained  from  rice.  It  is  prepared  by 
simply  breaking  up  the  pulp  so  as  to  disengage  the  starch  from  the  cellular  meshes  ; 
then,  by  maceration,  heat,  and  motion,  to  rupture  the  cell-wall  of  the  granule,  and 
to  effect  the  escape  of  its  contents.  Lastly,  it  is  filtered,  in  order  to  obtain  the  starch 
separate  from  the  membranous  cell- wall. 
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Saphides. — ^Another  secretion  found  yery  abundantly  in  plants  is  certain  crystal- 
line bodies  termed  Maphidet,  from  the  resemblance  of  some  of  them  to  a  needle 
{raphis).  The  term,  however,  is  not  a  happy  one;  since  many  varieties  of  these 
crystals  exist  which  have  no  resemblance  to  a  needle.  They  are  not  secreted  in  the 
fonn  in  which  we  see  them,  but  are  deposited  from  the  secretions.  They  occupy 
both  the  cavities  of  the  tissues  and  the  passages  which  lie  between  the  tissues,  but 
are  the  most  abundant  in  the  cells  of  sacculent  plants. 
They  may  be  observed  with  great  ease  in  the  stem  of  the 
common  garden  rhubarb  {Rheum),  or  of  the  balsam,  and 
in  the  bulbs  of  the  onion,  and  all  bulbous  garden  plants.  In 
the  former  case  they  have  a  square  outline,  and  are  isolated 
(Fig.  87),  or  they  are  aggregated  into  separate  star-like 
bodies  (Fig.  88) ;  whilst  in  the  latter  they  are  usually  needle- 
form,  and  lie  in  dense  bundles  (Fig.  86).  Their  number  is  so 
great  as  to  impart  a  grittiness  to  rhubarb-root  when  bitten ; 
and  the  most  so  in  the  finest  specimens  of  Turkey  rhubarb. 
Their  chemical  composition  is  that  of  oxalate,  phosphate, 
tartrate,  malate,  or  citrate  of  lime,  and  in  size  they 
differ  from  one-fortieth  to  one-thousandth  of  an  inch. 
Phosphate  of  lime  is  found  abundantly  in  the  bones  of 
the  animal  body,  but  not  in  the  precise  form  in  which  we 
observe  it  in  Raphides.  "We  have  no  instance  of  oxalate 
of  lime  crystals  in  the  body ;  but  they  are  not  unfre- 
quently  met  with  in  the  urine  of  persons,  both  in  apparent 
found  in  Uie  bulb  o^ihe'squm  health  and  in  disease ;  so  that  it  has  been  inferred  that 
[ScUia  mauritanica),  ^^y  ^iQ^rQ  been  introduced  with  the  food. 

We  do  not  know  the  uses  of  these  substances  in  the  vegetable  economy ;  but 
although  they  render  certain  plants  brittle,  it 
is  not  ascertained  that  they  are  the  result  of  any 
diseased  action.  This  brittleness  is  the  best  seen 
in  some  of  the  large  Cactus  plants  (Fig.  89). 
One  which  was  re- 
moved, after  a  lapse 
of  a  thousand  years, 
from  the  woods  of 
South  America  to  the 
Royal  Gardens  .  at 
Kew,  was  wrapped  in 
cotton,  and  packed  as 
though  it  were  the 
most  fragile  of  sub- 
— .  They  'are  readily  seen  on  microscopic  examination,  if  a  thin  section  of  an 
onion  be  placed  in  water  in  the  usual  way;  but  as  they  are  found  in  all  parts  of  a 
plant,  from  the  rough  bark  (Fig.  90)  to  the  delicate  spiral  vessels  and  the  pollen,*  they 
^  be  observed  in  almost  every  investigation. 

They  have  been  produced  artificially,  and,  so  far  as  may  be  seen,  in  a  state  as 
perfect  as  those  deposited  from  the  vegetable  juices.  The  late  eminent  botanist,  the 
^ther  of  Professor  Quekett,  produced  the  stellate  and  rhomboihedral  forms  artificially 


%  86.— Rhapides  ;    acicular 
or  needle  -  shaped  cryntals. 


Fi?.  88. 

C,  a  stellate  or  star-like 
ma«8  of  crystals  found  in 
rhubarb  root. 


Figr.  87.— Raphides  found  in  the  common 
onion  {Allium). 

A,  octohedral.    B,  prismatic. 
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in  oells,  but  cauld  not  produce  the  needle-shaped  crystals.  He  took  a  pQstkm.of  aice- 
paper,  and  placed  it  in  lime-water  under  an  air-^ump,  in  order  to  fiU.the  .cells  irith  the 
fluid.  The  paper  -was  then  removed  and  dried,  and  the  process  repeated  until  j&e  oeUs 
were  filled.  After  this  the  paper  was  immersed  in  weak,  solutions  of  oxalic  and  phos- 
phoric acids,  and  the  crystals  appeared  at  the  end  of  three  days  (Fig.  91).  This, 
however,  is  a  mere  chemical  experiment,  and  has  no  relation  to  vegetable  .tissue. 


Fig.  89.  Fig.  90. 

Fig.  89.*-Raphid€a.    A  mass  of  crystals  from  the  cuticle  of  a  Cactus. 
Fig.  90.— Raphides  from  the  bark  of  the  Limb  TaEB  ITilia  I!urop(Ba)t  of  considerable  breadth  and 

prismatic  figure. 
Plir.dl.— 'Crystals  of  oxalate  of  limeTsphidcs,  produced  artifloiAllyin  the  cells  of  rice-paper. 

except  in  so  far  that  a  detached  morsel  of  vegetable  structure  was  used  as  the  containing 


■  Oils,  and  Fats. — ^The  most  widely  distributed  of  all  vegetable  secretions,  next  to 
that  of  starch,  is  essential  and  fatty  oil,  of  various  degrees  of  consistence ;  and,  with  .the 
exception  just  referred  to,  none  has  so  high  a  value  for  economic  pxnposes. 

There  are  probably  few,  if  any,  plants  from  which  some  portion  of  oil  cannot  be 
obtained  by  distillation ;  but  it  is  more  particularly  in  the  hot  climates  of  India,  China, 
New  Holland,  Africa,  South  of  Europe,  and  South  America,  that  they  attain  their 
highest  degree  of  perfection,  and  are  found  in  the  greatest  abundance.  The  mustard- 
seed,  for  example,  which  is  grown  in  our  climate,  yields  oil  only  in  a  non-remunerative 
degree ;  but  in  the  continent  of  India,  with  its  burning  sun,  the  produce  is  of  great 
value.  So  also  with  the  otto  or  atar  of  roses — an  exquisite  volatile  oil,  obtained  ^from 
the  roso-leaf  growing  in  Persia,  but  scarcely  perceptible  in  our  northern  climate.  This 
is  doubtless  due  to  the  chemical  influence  of  the  sun's  rays,  by  which  aU  vegetable 
secretions  become  highly  elaborated. 

The  on  is  most  commonly  found  in  the  seeds,  as  in  the  linseed  and  rape-seed,  of  our 
climate';  for  as  the  seed  is  the  product  of  the  plant  in  its  most  mature  condition,  it  is 
the  most  fitted  to  be  a  depository  of  the  most  mature  secretions.  Jt  is,  however,  found 
to  a  great  extent  in  the  leaves  of  plants^  as  the  rose  and  the  peppermint,  and  in  the 
wood  of  a  comparatively  few  trees— for  example,  the  Sassafras  and  the  Sandal- wood. 
The  bark  is  not  an  imfrequent  depository  of  oil  secretions. 

A  reoent  discovoy  made  by  Mr.  Young,  of  Seoitland,  has  demonstrated  the  wonder- 
ful length  of  time  during  whidi  vegetable  oils  retain  their  distinctive  characters.  He 
has  obtained  by  distilLation,  at  a  low  red  heat,  no  less  than  20  per  cent,  in  weight  of 
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oil  from  caanol  coal.  'When  was  Uiat  oil  fizst  fonxied  ?  Thousands  of  years  ago ;  and 
yet  its  quality  zemainB  bo  good  that  it  is  now  compared  with  sperm  oil.  Its  non-oxi- 
dizing property  renders  it  peculiarly  fitted  for  the  lubrication  of  machinery. 

As  respects  the  varied  social  purposes  to  which  it  is  applied,  we  may  refer  to  the 
perfumes  of  Eau  de  Cologne  and  Lavender ;  the  immense  quantities  of  candles  and  soap 
which  are  HMwnifactured  in  great  part  from  vegetable  fats ;  the  oiling  of  machinery, 
which  IB  carzied  to  so  great  an  extent,  that  the  London  and  North  Western  BaUway 
Company  ekme  uae  about  50,000  gallons  of  oH  per  year ;  the  support  of  artificial  light 
by  lamps;  ihe  exhibition  of  oil  for  medicinal  pmposes — as  the  castor  and  cocoa-nut 
oils ;  and  the  employment  of  oil  as  an  article  of  diet  by  the  inhabitants  of  all  extreme 
climates.  Thus  but  few  articles  of  commerce  can  more  materially  influence  the  well- 
being  of  the  community  than  that  under  consideration. 

It  is  also  worthy '"»f  remark  how  closely  the  production  of  oil  links  together  the 
animal  and  vogefiable  kingdoms,  not  merely  :in  the  general  chemical  and  economic 
chantietera  of  ihe  gttbstance,  but  in  its  minuter  details.  Thus  we  have  the  fluid  oils,  as 
the  olive  oil, 'aaditiie-flaminfluid,  or  nuchas  require  a  higher  temperature  than  that  of 
the  air.i]Li»dfiri»an]ider  .tium-flaid,  and  which  closely  resemble  the  fat  of  animals. 
Thereis.4lB0'^T£getaUe'bi:tftEr,  whieh- is  largely  used  in  India  to  adulterate  the  ghee,  or 
ammal  butter ;  a&d  yeg9tBUo>«ax  and  tallow  may,  income  sense,  rival  the  like  produc- 
tions firomtha  annual  kingdom.  There  is,  however,  this  remarkable  difference — viz.y 
that  the  fat  of  animals  and  of  viegatables,  each  abound  in  climates  the  most  opposed  to 
each  other.  The  vegetable  oils^nd  butters  are  chiefly  derived  from  the  Palm  trees  of 
the  hottest  climates  ;  but  the  animal  oils  and  fats  are  met  with  in  greatest  abundance 
where  the  rigours  of  a  polar  dime  oaU  for  the  internal  use  of  such  articles  of  food  in 
order  to  maintain  the  animal  heat.  Thus  the  fat  of  animals  is,  for  the  most  part, 
employed  by  the  Laplander  as  food ;  whilst  that  of  vegetables  is  chiefly  used  by  the 
Asiatic  and  African  for  extcnial  inunction,  as  a  defence  from  the  action  of  the  sun's 
rays,  and  as  a  perfume,  which  is  more  than  a  luxury  in  the  stifling  atmosphere  of  the 
sunny  sduth.  Nature  has  thas  bountifully  provided  for  the  wants  of  man,  and  in  great 
wisdom  has  selected,  as  her  depositories,  that  division  of  vital  existences  which  is  the 
most  abundant  in  their  r^eetive  climates.  The  inhabitants  of  temperate  regions,  as  of 
England,  find  within  their  own  territories  only  feeble  representatives  of  the  products  of 
the  two  classes ;  and  in  order  to  enjoy  them  they  require  to  collect  the  animal  oils  from 
the  Polar  Seas,  northern  forests,  and  the  banks  of  Newfoundland,  and  the  vegetable 
oils  from  the  neighbourhood  of  the  tropics.  Commerce,  therefore,  is  to  them  a  necessity. 

This  branch  of  trade  is  as  yet  in  its  very  infancy,  for  the  Great  Exhibition  of  1851 
has  shown  that  a  very  .large  proportion  of  vegetable  oils  is  unknown  to  the  commerce 
of  the  world ;  and  the  great  effort  which  has  been  of  late  put  forth  to  increase  itj  has 
led  us  to  infer  that  mnltitndes  of  vegetable  sources  yet  remain  imtouched. 

'We  oannnt  enter  largely  into  this  question,  but  shall  now  proceed  to  indicate  some 
of  the  more  ordinary  and  useful  sources  of  this  -substance. 

"nxed  Oils.—O/tVtf  Oil  is  produced  from  the  Olea  Europtsa,  a  shrubby  tree,  culti- 
vated with  great' care  in  Spain  and  Italy,  Syria,  and  other  shores  of  the  Mediterranean 
Sea.  It  thrives  best  in  stony  groimd,  and  requires  a  southern  clime,  in  oirder  to  perfect 
the  oil  contained  in  the  olive  berry.  The  virgin  oil  is  produced  by  simple. pressure  of 
the  olives ;  but  that  of  the  inferior  qualities  is  such  as  is  drawn  off  after,  the  viigin  oil 
has  been  removed,  and  which  requires  heat  and  water  in  order  to  obtain  the  full 
quantity  remaining.     It  is  mentioned  as  an  article  of  food  in  the  Sacred  writings ;  an  d 
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in  eastern  and  southern  climes  is  almost  indispensable  to  the  inhabitants,  both  as  food 
and  for  inunction.  It  is  less  commonly  used  in  this  country  than  is  desirable,  since  it 
is  highly  conducive  to  health. 

Its  chemical  composition,  per  cent.,  is,  carbon,  69*38 ;  hydrogen,  13'47 ;  nitrogen, 
•068 ;  oxygen,  17*092. 

Falm  Oil  is  an  article  but  recently  introduced  into  commerce,  and  has  the  great 
commendation  of  offering  the  most  effectual  means  for  the  suppression  of  the  slave 
trade.  It  is  obtained  from  the  seeds  of  various  palms,  and  more  particularly  from  those 
growing  in  barbarous  states  on  the  western  shores  of  Africa.  It  is  far  more  con- 
sistent than  other  oils,  and  approaches  to  the  condition  of  ordinary  fat;  so  that  it  is  well 
fitted  for  the  manufacture 
of  candles,  and  when  mixed 
with  sulphur  is  the  most 
valuable  grease  for  railway 
carriage  wheels.  In  the 
countries  in  which  it  grows,  ^^  ■ 
it  constitutes  an  important  ^.r^> 
article  of  food ;  and,  from  its  Jj  f 
golden  colour  and  consist- ^ri 
ence,  may  be  said  to  be  a ' 
substitute  for  butter. 

Cocoa-Nut  Oil  has  a  re- 
lationship to  palm  oil,  in- 
asmuch as  it,  too,  is  pro- 
duced from  the  palm  tree. 


Fig.  93.— Globules  of  con- 
crete oil,  filling  the  hexa- 
gonal cells  of  the  cocoa- 
nut. 


Fig.  92.— CocoA-Nxrx  Palh  (CocosNucifera). 


It  is  a  concrete  oil,  and  is  found  in  the  cells  of  the  seed  of  the  coooa-nut  before  germi- 
nation. It  is  likewise  obtained  by  pressure ;  and  is  of  great  value  in  the. production  of 
artificial  light.  Colonel  Rowcroft  has  shown  to  us  some  very  excellent  candles,  prepared 
in  Iiidia;,  from  an  admixture  of  wax  and.  cocoa-nut  fat.  It  is  also  used  not  unfrequently 
as  an  article  of  food,  in  the  form  of  butter  in  India,  and  of  cocoa  and  chocolate  in 
this  country,  and  has  recently  been  introduced  as  a  medicinal  agent  in  the  treatment  of 
consumption. 

Its  chemical  'constitution  is— carbon,  69*62 ;  hydrogen,  12*49 ;  nitrogCDi  '060 ; 
oxygen,  17*850  per  cent.  .     .    _    

Linseed  Oil  is  obtained  by  pressure,  with  and  -^thout  heat,  from  the  seeds  of 
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the  flax  plant  {Zinum),  grown  in  the  British  Islands,  America,  and  the  Continents 
of  Europe,  and  of  India.  It  is  a  common  article  of  food  to  the  serfs  of  Eussia,  and  is 
regarded  as  the  highest  luxury  by  the  Greenlanders  and  other  inhabitants  of  polar 
climes ;  but  it  is  chiefly  used  in  the  arts.  It  is  prepared  by  distillation  for  drying,  and 
then  is  fitted  for  the  preparation  of  paint.  A  large  proportion  of  this  seed  is  grown  in 
England  and  Ireland;  but  it  is  chiefly  imported  from  Eussia :  no  less  than  482,813 
quarters  out  of  a  total  importation  of  626,495  quarters  of  the  seed  having  been  received 
from  that  country  in  the  year  1850.  It  is  considered  a  profitable  crop,  and  is  now 
much  cultivated  in  Ireland.  The  pressed  seeds  from  which  the  oil  has  been  partly 
extracted,  constitute  the  oil-cakie,  much  used  in  the  fattening  of  cattle. 

Eape  Oil  is  in  like  manner  extracted  from  the  rape-seed,  which  is  the  product  of  the 
Brassiea  Naptts,  and  other  species  of  the  cabbage  genus  of  plants.  It  is  considered  to  be 
better  adapted,  when  purified,  for  the  lubrication  of  machinery  than  any  other  oil ;  so 
much  so,  that  90  to  100  gallons  of  it  are  yearly  expended  upon  each  locomotive  railway 
engine.  It  is  also  inferior  to  few,  if  any,  oils  in  the  production  of  artificial  light  in 
lamps.  Mr.  Brotherton  affirms  that  the  English  grown  seed  is  to  be  preferred  to  that 
imported  from  the  Continents  of  Europe  and  India ;  and  so  profitable  is  the  crop,  that 
an  acre  of  land  will  yield  five  quarters  at  50s.  per  quarter,  or  £12  10s.  yearly.  It  is, 
however,  probable  that  the  foreign  seed  is  equally  good  with  the  English  production, 
and  that  the  inferior  quality  of  the  oil  may  be  attributed  to  its  careless  and  unskilful 
preparation.  ^  The  importation  of  rape-seed  in  1850  was  29,490  quarters. 

.   Turnip-seed  Oil  {Brassica  rapa)  is  very  nearly  allied  to  the  rape-seed  oil,  and  is 
much  employed  in  Egypt. 

Castor  Oil  is  obtained  from  the  seeds  of  the  Ricimis  communis,  which  grows  chiefly 
in  the  East  Indies  and  the  United  States  of  America.  It  is  much  used  in  medicine,  but 
more  particularly  in  the  arts,  and  the  manufacture  of  pomatum.  When  intended  to  be 
used  medicinally,  it  is  obtained  by  pressure  without  heat,  and  is  then  colourless  and 
tasteless,  and  will  so  remain  for  a  lengthened  period ;  but  that  which  is  employed  for 
other  purposes  is  obtained  by  heat  and  pressure,  after  the  first  or  virgin  oil  has  been 
removed.  This  is  slightly  coloured,  and  has  a  rancid  odour  and  taste,  and  conse- 
quently realises  but  a  very  inferior  price.  The  seeds  do  not  grow  to  perfection  in  our 
climate.  The  importation  of  the  oil,  in  1849,  was  9,681  cwts.,  of  which  9,315  cwts. 
were  obtained  from  our  Indian  possessions  alone. 

Cotton  Seed  (Gossypium)  yields  a  large  quantity  of  oil  on  pressure ;  but,  on  account 
of  the  difficulty  of  removing  its  colouring  and  other  impure  matters  it  has  been  hitherto 
but  little  used.  The  seeds  are  very  abundant,  and  as  large  as  orange  seeds,  and  are 
cither  wasted  or  used  as  manure  and  for  the  fattening  of  pigs.  It  is  believed  that  the  oil 
would  be  of  great  value  if  purified;  and  it  could  be  obtained  in  any  quantity.  The 
seed  is  chiefly  produced  in  America,  Egypt,  and  India.  We  have  seen  immense  quan- 
tities of  it  rotting  around  every  cotton  plantation  we  have  visited  in  the  Southern 
States  of  America. 

The  Indian  com  {Zea  Mays),  or  maize,  in  the  State  of  New  York,  has  been  found  to 
contain  a  valuable  oil. 

Ground-Nut  Oil,  obtained  from  the  seed  of  the  Arachis  hypogeea,  is  used  largely 
in  India,  Malacca,  and  Java,  both  as  food  and  fuel  for  lamps.  It  is  a  clear,  pale  yel- 
bw  (hI,  and-  constitutes  fully  one-half  the  entire  weight  of  the  seed. 

Poppy  Oil  is  produced  from  the  seeds  of  the  Opium  Poppy,  or  Fapaver  somniferumj 
whether  grown  in  this  or  other  countries.    It  is,  however,  chiefly  produced  in  India, 
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since  there  the  plant  ia  scientifically  and  extensively  cultivated  hy  the  Honourahle  East 
India  Company  for  the  opium  which  it  yields.  It  has  many  valuable  properties,  and 
is  a  very  good  substitute  for  salad  oil. 

Mustard  Oil  is  expressed  from  the  seeds  of  the  common  mustard  plant  {Stnapii),  and 
chiefly  in  the  various  parts  of  India.  That  our  English  mustard  yields  oil,  is  familiar 
to  the  eyes  of  every  housewife  who  has  kept  it  in  paper,  or  has  mixed  it  with  warm 
water  in  its  preparations,  for  the  table. 

Croton  Oil  possessea  powerful  medicinal  properties,  and  is  procured  by  pressure  from 
the  seeds  of  the  ITarpatda^  and  other  species  of  croton.  It  is  prepared  in  India  and 
other  eastern  countries. 

Sesamum  Oilj  derived  from  the  seeds  of  the  Sesamum  orientale,  and  the  Ram-til  oil, 
from  the  seed  of  the  Guizoiia  oleifera,  are  well  known,  and  "greatly  valued  in  India. 
The  seed  yields  from  thirty-four  to  forty-five  per  cent,  of  oil. 

Vegetable  Butteza. — The  plants  which  yield  vegetable  butters,  are  (besides  the 
palm  oil  to  which  we  have  referred)  chiefly  the  various  species  of  Bassia,  all  ind^enous 
to  India  and  Western  Africa.  These  oils  consist  of  saccharine  matter,  spirit,  and  oO, 
and  therefore  are  as  weU  adapted  for  food  as  for  fuel. 

The  Spie  OH  is  obtained  from  the  seeds  of  the  Bassia  latifoUa^  and  is  common  in  the 
Bengal  Presidency.     It  begins  to  melt  at  about  70"*. 

The  Ilpa  oil  is  expressed  from  the  seed  of  the  Bassia  longifolia  in  the  Madras  Presi- 
dency. It  is  white  and  solid  at  ordinary  temperatures,  and  until  a  heat  of  7(P  or  80® 
has  been  produced.    It  is  therefore  well  fitted  for  the  preparation  of  both  candles  and  soap. 

The  Bassia  butyracea  is  the  plant  which  yields  the  purest  vegetable  butter,  and 
is  common  on  the  hill  districts  in  the  eastern  part  of  Kemaon,  ^and  in  the  Province 
of  Dotce.  It  is  white  and  solid  at  a  temperature  under  120°,  and  is  so  abundant 
and  agreeable  that  the  butter  from  milk  is  largely  adulterated  with  it. 

Shea  butter  is  obtained  from  another  species  of  Bassia — viz.,  the  Bassia  Parkii,  in 
Bambara  ("Western  Africa),  and  at  Egga,  on  the  banks  of  the  Niger.    It  melts  at  97". 
1  ?  KoJcum  butter  is  obtained  from  the  seeds  of  a  Mangosteen  {Garcinia  purpurea),  and 
is  not  only  used  largely  to  adulterate  butter,  but  is  forwarded  to  this  country  to  serve 
the  like  purpose  with  genuine  bear's  grease. 

Cacao  butter  is  solid  up  to  120°,  and  is  the  produce  of  the  Theobroma  Cacao,  growing 
in  Trinidad. 

Crab,  or  Carapa  oil,  from  British  Guiana,  is  also  another  kind  of  butter  derived  from 
the  Carapa  guianensis,  but  of  inferior  quality.  The  natives,  in  its  preparation,  boil  the 
kernels,  leave  them  in  a  heap  for  a  few  days,  then  skim  them,  and  at  length  beat  them 
into  a  paste  in  a  wooden  mortar.  This  paste  is  then  spread  on  an  inclined  board,  and  ex- 
posed to  the  heat  of  the  sun,  until  the  butter  has  trickled  into  «  vessel  placed  to  receive  it. 

TiDgetable  Tallow  is  procured  from  the  tallow  tree  of  Java,  known  as  the  Minyah 
hawm,  and  from  trees,  probably  of  the  genus  Bassia,  growing  in  the  western  countries 
of  the  ArchipelagQ. 

Pwiy  taJhw  is  another  variety  produced  by  the  Vateria  indiea,  a  fast  growing 
plant,  common  in  Malabar  and  Canara.    It  is  white  and  solid,  and  melts  at  about'97^ 

Vegetable  tallow  differs  from  oil  chiefly  in  the  higher  temperature  required  to  render 
it  liquid,  and  its  solidity  at  the  ordinary  heat. 

Vegetable  WAat. — ^Wax  is  obtained  from  a  varietyof  trees  growing,  m  Bilnilaily 
hot'diznatSB. 

Oktiit  FdMH  isr  a  wax  of  a  bri^ct-green  colour,  obtained  ftdm'HEtbn; 
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Mf^riie  or  Candle-berry  waXy  has  been  made,  without  admixture,  into  candles  in 
Ntev  Brunswick. 

Wax  of  Tery  good  quality  has  been  obtained  from  trees  growing  at  Shanghae,  in 
China,  in  Japan,  and  in  St.  Domingo ;  and  in  connexion  with  this  it  may  be  mentioned 
that  a  fungoid  growth,  found  in  decayed  branches  of  our  English  trees,  has  recently 
been-  shown  by  Professor  Quekett  to  so  far  resemble  wax,  that  it  is  not  possible  to 
disticngaish  it  by  the  microscope  from  the  waxy  comb  of  the  wasp's  nest. 

▼olatUe  0&8. — ^The  aromatic  and  volatile  variety  of  oil  is  exceedingly  extensive, 
and  is  largely  employed  in  medicine  and  perfumery. 

Amongstthe  English  specimens  we  may  mention  the  peppermint  {Mentha  ptperiia), 
and  spear -mint  {Mentha  viridis)f  lavender  {Lavandula^  y  rosemary  {Hosmarintts),  fennel 
{Meum  famtculaium),  thyme  {Thymus) ^  from  the  leaves  of  all  of  which  essential 
aromatic  oils  are  procured.  The  seeds  of  the  earraway  {Carum  carui),  aniseed 
{PhnpineUa  Anisum),  diU  {Anethum  yraveolens),  coriander  {Coriandrum  sativum)^  are 
well  known  to  yield  medicinal  aromatic  oUs  on  distillation. 

It  is,  however,  to  hotter  climes  that  we  turn  for  the  spices  and  perfumes  which  we 
covet,  and  especially  to  the  inter-tropical  regions.  ^ 

The  atar  of  roses  is  at  the  head  of  this  series,  and  is  produced  in  its  highest  perfection 
in  Persia,  Turkey,  the  Raapootana  States,  and  other  parts  of  the  great  Continent  of 
India.  The  quantity-  of  rose-leaves  required  to  obtain  a  tea-spoonful  of  this  princely 
perfimie  is  almost  fabulous,  and  more  than  accounts  for  the  high  price  which  the  oil 
obtains.     It  is  much  adulterated,  and  chiefly  with  the  oil  of  geranium,  or  Andropogon. 

The  atar  of  Keova,  derived  from  the  fragrant  flowers  of  the  screw-pine  (Pandanus 
odoratisstmt(s)f  and  the  jasmine  atar,  from  the  Jasminum  grandiflorum,  and  Samhac, 
are  favourite  perfumes  in  India.  [So  also  with  oil  of  ahes  woody  of  saffron^  and  of 
sattdal  toood  {Santalum  aUmm). 

Orange  flowers  {Citrus)  also  yield  a  most  exquisitely  scented  oil,  as  may  be  familiarly 
observed  by  walking  through  the  orangeries  of  this  country  and  of  France,  when  the 
orange  tree  is  in  blossom. .   It  is  obtained  chiefly  from  Turkey. 

Oil  of  cloves  is  obtained  from  the  Caryophyllum  aromaticus,  in  India  and  the  Archi- 
pelago ;  and  oil  ofletnons  from  the  rind  of  the  fruit  of  Citrus  Limonum  ;  and  oil  of  cin- 
namon from  the  Cinnamomum  zeylanicum. 

Oil  of  hitter  almonds  {Amygdalus  amara)  is  obtained  from  the  seed,  and  is  highly 
poisonous.     It  is  produced  in  Asia. 

Cajeputi  oil  {Melaleuca),  from  India,  with  oil  derived  from  the  Leptospermum  and  the 
Eucalyptus  p^perata,  of  "Western  Australia,  in  addition  to  the  medical  properties  of  the 
first,  have  the  power  of  dissolving  India  rubber  and  various  resins,  and  might  therefore 
be  used  in  the  manufacture  of  varnishes. 

There  are  two  other  vegetable  volatile  oils,  to  which  we  will  refer,  on  account  of 
the  fevour  with  whixjh  they  have  long  been  regarded  in  India,  and  are  now  being  viewed 
in  this  country. 

The  grass  oilla  a  stimulating  aromatic  oil,  obtained  from  the  seed  of  i^  Andropogon 
sehamanthits,  or  Calamus  aromaticus ;  and  the  lemon  grass  oil,  from  other  species  of  the 
same  genus.    Both  are  used  to  the  skin  medicinally,  and  as  valued  peifiimes. 

The  peculiar  odour  and  'great  durability  of  Eussian  leather  is  attributed  to  the. 
employment,  during  the  process  of  tanning,  of  a  volatile  oil  obtained  by  the  distillation 
of  birdi  haxk.{JSetula),    The  oil  has  a  brown  or .  black  colour,  and  after  it  is  dried  up, 
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Camphor  is  a  substance  fitly  associated  with  oils,  since  it  is  a  volatile  oil  in  a  solid 
state.  It  is  deriyed  from  yarious  sources,  but  the  best  is  the  Barus  camphor,  from 
Borneo,  the  product  of  the  Bryohalanope  Camphora,  growing  in  Simiatra.  It  is  chiefly 
exported  to  China,  where  it  realises  a  price  one  hundred  times  greater  than  that  of 
ordinary  camphor.     Its  flayour  is  exceedingly  fine. 

The  Dutch  camphor,  or  that  obtained  by  the  Dutch  from  Japan,  is  prepared  by- 
boiling  chips  of  the  root  and  stem  with  water  in  an  iron  yesp.el,  to  which  an  earthen 
head  containing  straw  is  adapted.  The  camphor  is  volatilized  by  the  heat,  and  con- 
denses on  the  straw.  The  process  is  varied  somewhat  in  the  preparation  of  China 
camphor.  The  chopped  branches  are  steeped  in  water,  and  boiled  imtil  the  camphor 
begins  to  adhere  to  the  stick  used  in  stirring  the  fluid.  The  liquid  is  then  strained, 
and  by  standing  the  camphor  concretes.  It  is  then  sublimed  by  placing  alternate  layers 
of  finely-powdered  dry  earth  and  camphor  in  a  copper  basin,  with  a  similar  one  inverted 
luted  upon  it,  and  h'eat  applied,  until  the  camphor  passes  off,  and  condenses  upon  the 
upper  vessel. 

Omns  and  Resins. — These  two  classes  of  secretions  are  distinguished  from  each 
other  by  the  solubility  of  gums  and  insolubility  of  resins  in  water,  and  the  solubility  of 
resins  and  insolubility  of  gums  in  alcohol.  In  some  instances  the  substance  is  partially 
soluble  in  both  menstruums ;  in  which  case  it  is  called  a  gum-resin.  Each  of  the  classes 
is  used  abundantly  in  the  arts,  and  in  medicine ;  and  almost  every  member  of  them  is 
obtained  from  Asia,  Africa,  and  islands  of  the  Southern  Sea. 

The  cheapest  gum  is  that  obtained  from  roasted  starch,  and  is  used  largely  in  calico- 
printing. 

Gum-arabic,  obtained  from  many  species  of  Acacia  and  other  genera,  is  carefully 
collected  in  Turkey,  Egypt,  Tripoli,  and  India.  It  stands  at  the  head  of  this  series  in 
the  quantity  imported ;  and  amounted  to  33,136  cwts.  in  1849,  from  the  following 
sources ; — India,  13,687  cwts. ;  Egypt,  6,232  cwts. ;  America,  6,064  cwts. ;  South 
Africa,  4,876  cwts. ;  Italy,  664  cwts.  j  Gibraltar,  460  cwts. ;  Aden,  397  cwts. ;  Australia, 
372  cwts. ;  France,  212  cwts. ;  miscellaneous,  172  cwts.  It  varies  very  greatly  in 
quality ;  and  it  appears  that  no  very  great  care  is  exercised  by  the  collectors  in  separating 
the  inferior  from  the  better  specimens. 

Ot gum-senegal  and  the  cAwry-^wm,  or  Tragacantha  (Astragalus  ffumintf era),  &c.,  from 
Syria,  there  was  an  importation  of  6,577  cwts.  and  314  cwts.  respectively,  in  the  same 
year. 

Of  the  resins  and  oleo-resins,  the  most  abundant  are  turpentine  and  lac,  both  of  which 
are  of  essential  value  in  the  arts. 

Turpentine  is  obtained  from  the  fir  tribe  of  plants,  and 
chiefly  from  the  Pintts  palustris,  by  making  incisions  into 
it,  and  subsequently  distilling  the  exuded  secretion.  It  is 
found  in  special  vessels  in  the  plant,  which  were  dis- 
covered so  early  as  the  seventeenth  century  by  the  great 
vegetable  anatomist  Green,  and  also  in  blisters  under-  ' 
neath  the  bark  (Fig.  94).  It  is  of  the  utmost  value  in  its 
power  of  dissolving  resins,  and  in  mixing  and  drying 
paints.  The  quantity  imported  in  1849  was  412,042  cwts., 
.  94.— Regervoirs  of  secre-     nearly  the  whole  of  which  was  from  the  United  States  of 

America. 
The  distillation  of  impure  turpentine,  or  turpentine  as  it  is  obtained|from  the  tree 


Digitized  by  ^OOQIC 


THE  BESINS. 


49 


is  eSected  through  the  medium  of  water,  by  which  the  volatile  oil  passes  oyer  and  is 
collected,  and  the  resin  with  which  it  is  naturally  associated  is  left  behind. 

Tar  and  pitch  are  also  produced  from  the  fir  tribe  of  plants  at  the  same  time  that  the 
turpentine  is  collected.  The  wood  is  cut  into  billets,  and  piled  up  in  a  hole  made  in  the 
ground.  It  is  then  covered  with  turf,  or  some  similar  covering,  and  set  on  fire. 
During  the  slow  combustion,  the  tar  runs  down  the  wood,  and  is  collected  in  the  dam 
prepared  in  the  ground  for  its  reception.  This  tar  contains  a  i>ortion  of  turpentine,  but 
may  be  made  from  trees  which  have  ceased  to  emit  turpentine  on  incision. 

IHUh  is  obtained  when  the  tar  is  distilled';  so  that  an  inferior  kind  of  turpentine 
passes  over,  and  the  pitch  remains. 

Resin  results  from  the  distillation  of  turpentine,  or  from  the  drying  of  the  secretion 
as  it  exudes  from  the  tree.  It  is  brought  to  this 
country  in  large  quantities  from  the  United  States, 
Asia  Minor,  and  other  parts  of  Turkey.  It  is 
produced  from  various  species  of  Abies  and  Pinus. 
Burgundy  pitch  and  frankincense  are  obtained 
from  another  pine,  the  Abies  exeelsa  of  the  north 
of  Europe,  and  Canada  balsam  from  the  Abies 
bdlsamea. 

Lae  is  furnished  to  this  country  almost  ex- 
clusively by  India,  and  amounted  to  14,786  cwts. 
in  1849.  It  is  obtained  from  a  great  many  sources, 
but  chiefly  from  the  Coccus  lacca,  and  some  of  the 
firs,  as  the  Ficus  Indica  and  Fieus  religiosa^  or 
Banyan  tree  (Fig.  76).  Its  varieties"  are  known 
by  the  designations  of  sticJe  lae,  seed  lae,  orange 
and  rvby  shell  lae,  lump  and  huton  lae,  lae  dye, 
and  iDhite  or  bleached  lac.  It  is  produced  by  the 
injuries  inflicted  ux>on  the  young  shoots  of  various 
trees  by  an  insect,  the  coccus  lacca,  which  feeds 
upon  them.  It  is  employed  in  the  manufactiue 
of  varnishes. 

It  is  not  i>ossible  to  name  even  the  great  mul- 
titude of  members  of  this  class,  and  it  must  suffice 
to  mention  the  sources  of  the  following  well- 
known  substances  :• — 

Assafxtida  is  the  product  of  the  Narthax  assa^ 
faetida,  in  India ;  benzoin  of  the  Styrax  benzoin,  in 
Singapore ;  copal  from  the  Hymentea  of  Western 
Africa,  Bammara  aiMiralis  of  New  Zealand,  and 
Trachylobium  martinianum  of  South  America; 
dragon^  s  blood  from  the  Draceena  Draco  of  India ; 
(Fig.  95) ;  gamboge,  from  Siam ;  myrrh,  from'  the 
Balamodendron  myrrha  of  Persia,  and  yellow  gum 
from  ike'Zanthorheea  hastilis  of  New  Holland. 

It  is  highly  probable  that  the  magnificent  gum  trees  of  the  continent  of  Australia, 
which  have  hitherto  been  a  great  inconvenience  to  the  settler  in  the  clearing  of  his  land, 
will  ere  long  yield  gums  and  resins  which  will  convert  them  into  sources  of  great  wealth. 


•  ?^ 

Fig.  95.— A  young  plant  of  the  Dbac^ka 
Dbaco. 

A  specimen  In  the  island  of  Tencriflte  is 
above  70  feet  high,  and  46  feet  in  cir- 
cumference at  the  base,  and  was  known 
to  be  very  ancient  in  the  year  1406. 
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Acids-r^Yaidous  acids  aro  yielded  by  .y«getablaa,  chiefly  fsom  tiieix  teit)  but  wwj 
abundantly  from,  the  dastUlation  of  their  wood.  Of  the  foinwr  Are-  citric  andy  firom.  tibue 
lei]U)iL.(7i^rM8^  the  acid  juices  of  the  a^le  (malic  acid),,  ^i^or,  goostberry^  and  oiher.  &«its 
of  oui  own  climate,  and  the  oxaiie  (leid  from  the  leaves  of  the  8orrelf  or  Ozalis  AeeioaeUa. 
AU.  these  acid»  appear  ta  have  distinct  chemical  characters,  and  to  require  distinct 
I  names. 

PyroUgntous  aeidf  or  wood  vinegar,  is  obtained  fi:om  the  distillation  of  almost  all 
kinds  of  wood,  and  is  capable  of  perfect  purification.  It  is  colourless,  abundant,,  and 
cheap,  and  has  therefore  greatly  lessened  the  demand  for  the  coloured  vinegar  derived 
from  the  fermentation  of  beer  or  wine,  and  more  particularly  in  the  prepaxationof  such, 
pickles  and  other  substances  as  would  be  deteriorated  by  immersion  in  coloured  fluids. 
The  process  is  simple — viz.,  the  burning  of  billets  of  fast-growing  wood,  as  poplar,  in 
closed  iron  tubes  or  kilns,  and  the  separaticMOi  of  the  empyreumatic  oils,  and  other  impure 
substances,  from  the  acid.  This  acid  can  be  obtained  in  a  highly-concentrated  state, 
and  is  usually  sold  so  that  one  part  is  equal  in  strength  to  ei^t  of  wine  vinegar.  It  is 
'  thus  a  convenient  as  well  as  necessary  article  for  the  use  of  persons  on,  ship-board,  or 
for  residents  in.  new  countries,  where  vinegar  has  not  hitherto  been  made. 

Gallic  add  is  obtained  £rom  gaU-nuts,  and  tannic  acid  firom.aU  sources  supplying 
tannin. 

Tannin. — This  is  the  chemical  piiociple  which  is  employed  in  theiamiingof 
leather,  and  produces  its  effect  by  acting  upon  the  gelatine  contained  In  the  skin.  It 
is  obtained  from  a  great  variety  of  sources,  and  not  oulj  from  the  oak.  bark,  as  is  usually 
supposed ;  although  it  is  probable  that  the  excellence  of  good,  oak  baik,  and  the  ready- 
supply  of  it  afforded  by  our  own  country,  will  ever  give  it  a  preference  in  the  estima- 
tion of  the  manufacturer.  Notwithstan^ng  the  suj^ly  of  oak  bark  from  our  own  forests, 
so  large  a  quantity  as  1,200,000  cwts.  of  tanning  materials  were  imported  in  1849 ;  but 
it  must  be  understood  that  the  tanning  principle  foims  but  a  small  portion  of  the 
barks  and  other  materials  thus  imported.  The  following  are  the  commercial  substances 
which  contain  tannin  in  quantity  sufficiently  large  to  render  them  efficient  in  the 
tanning  of  leather : — 

Oak  bark,  from  various  species  of  Queroue,  but  particularly  the  Qu&rcitB  pedtmoulaiOf 
growing  in  England  and  the  north  of  Europe. 

Cork-tree  bark,  from  the  Quercus  Suber,  imported  from  Laruehe  and  Sahat. 

Valonia,  from  another  oak,  the  Qtierem  .^iiops,  flourishing  in  the  Morea,  and  the 
south  of  Europe,  and  Asia.  No  less  than  393,420  cwts.  of  this  substance  was  imported 
in  1849. 

Oak-galls,  from  the  Quercus  infeetoria  of  India,  and  Turkey. 

Terra  Japonica,  Kutch,  and  Catechu,  extracts  from  the  Acacia  Caieohu,  growing  in  the 
East  Indies.    These  substances  contain  a  very  lai^  quantity  of  tannin. 

Sumach,  in  powder  and  in  leaves,  from  Sicily  and  ^e  south  of  Europe;  It  ia  the 
product  of  the  Rhus  Coriaria. 

Besides  the  above  principal  sources  may  be  mentioned  Kino,  the  extract  of  the 
Buchanania  latifolia,  of  India;  Bivi-divi,  of  the  CtBsdlpinia  eoriaria,  from  South. 
America ;  mimosa  bark,  and  bark  of  the  black  wattle  tree,  Acada  moUiaima  ;  hmnioek 
bark,  from  the  fir,  Abies  Canadmai»,  of  the  United  States  of  America ;  the  bark  of  several 
trees  growing  in  New  Zealand ;  and  the  lareh  bark,  Finus  larix,  of  Scothind. 

QyiMUft. — This  highly  important  medicinal  substaime  is  procured  from  the  Gon- 
tinent  of  India,  and  chiefly  frcm  the  provinces  of  Behar,  Baiares,  and  other  parts  of 
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the  Bengal  and  Agia  Prendenoies^  in  our  £asi  Indiva  poi6eMiQii%  and  the  Independent 
States  of  Malawa,  and  others  in  the  south  of  India.  It  is  the  produee  of  the-  white 
p(^P7  (Papavec  aomnifeniin),  abnnit  excluaiYely,  in  our  Indian  temtariea;  bvitin.  the 
Indcpendant  States  it.  ia-  also  ohtained  from  the  daj>k-zed  and  other  yaiistieB.  of 
poppy. 

The  poppy-seed  is  sown  in  the  months  of  Octoher  and  Noyonber,  in  shallow  bodb 
of  about  seyen  feet  sq^uare,  and  the  plant  is  thenee  regularly  inigated  throug^umt  the 
season.  The  capsules  ^oyaries)  are  ready  for  bleeding,  or  patclung,  as  it  teimed,  about 
the  end  of  January,  when  this  process  commenoee,  and  proceeds  doling  Ihe  whole  of 
the  month  of  February.  H  is  effected  by  maldng  iacnsions  into  the  poppy-head  at  about 
four  o'clock  P.M.  daily,  and  allowing  the  milky  juioe  to  exude  and  thicken  by  eyiq»OEa- 
tion  upon  the  capetde  during,  the  night.  The  next  day  it  is  seiaped  oS,  placed  in  poiouA 
earthen  yessels,  and  allowed  to  inspissate  further.  In  this  crude  state,  it  is  canied  to 
the  factory,  wh«re  the  drying  j)rocess  is  carried  on  until  the  opium  has  attained  a  cer- 
tain standard  of  spisskude,  when  it  then  retains  from  25  to  30  per  oent.  of  water.  It 
is  then  made  into  large  round,  balls,  technically  teimed  cakea^  each  ball  being  enyeloped 
in  a  case  composed  o£  the  petals  of  the  poppy,  c^nented  together  by  means  of  thin  erode 
opium  in  lieu  of  paste*  When  the  balls  have  become  hard  they  are  ready  for  the 
mai^et ;  forty  of  them  constitute  a  chest  of  opium,  and  weigh  about  160  lbs.  The 
produce  of^  one*  agency^  that  of  Fatna,  in  1853^  waa  36,000  cheeta^  or  about  fiye  and 
a-half  millions  of  pounds. 

The  East  Indian  Oaiiipany  exercise  no  control  whateyer  oyer  the  growth  and  pro- 
duction of  ojnomin  the  Independent  States,  but  impose  a  tax  upon  it  on  its  exporta* 
tion  to  Bombay.  In  the  territories  of  the  Company,  howeyer,  the  g&yemment  not  only 
watches  over  its  production;  but  are,  in  fact,  the  sole  growers  of  the  drug.  Any  indiyi* 
dual  growing  opium  is  bound  to  deliyer  it  to  tha  government  agent  at  a  fixed  sum  per 
pound ;  and  upon  his  undertaking  to  do  so,  the  government  makes  advances  of  money 
from  time  to  time  to  enable  him  to  prepare  the  ground,  and  to  plant,  iiiigate,  and 
gather  the  crop.  In  this  mode  a  great  many  thouaands  of  persons  become  the  seryante 
of  the  Company, — ^not  by  compulsion,  but  from  the  greater  profit  attending  upon 
this,  than  upon  other  agricultural  produce.  The  opium  thus  delivered  to  the  Com- 
pany is  in  a  crude  state,  and  stiU  requires  much  attention  before  it  is  fitted  for  the 
market.  "No  fewer  than  1,200  persons  are  engaged  in  the  Company's  factory  at  Paisa 
alone. 

The  opium,  when  packed  in  chests,  is  offered  to  public  sale  by  auction  for  exporta- 
tion, and  is  purchased  by  dealers  of  all  nations,  but  chiefly  with  a  view  to  the  supply 
of  the  Chinese  market.  The  profit  made  upon  this  one  Indian  production  is  the  most 
important  element  imthe  income  of  the  East  Indian  Company. 

[We  axe  indebted  fbrihe  above  account  to  Colonel  Bowcroft  and  Dr.  James  Corbet, 
bodi  distinguished  officers  of  the  E.  I.  C.  Dr.  Corbet  for  some  years  held  an  appoint- 
ment at  Hie  Fatna  opium  fiutory,  in  the  province  of  Bekar]. 

8»g;irr..  ftogar  is  not  exdoaiyoly  a  vegetable  production,  since  it  is  found  abun- 
dantly in  honey  smdin  milk,  bothof  which  are  natural  animal  products,  and  in  the  blood 
and  excretiooB  in  certain  instances  of  disease;  It  iS)  however,  chiefly  obtained  from 
vegetables,  and  always  so  when  it  is  separated  from  all  other  substances  and  made 
marketable. 

Yegetables-yield.  it  largely  in:  Iheir  fruits,  as  those  of  the  grape  and  apple;  and 
many  in  tkear  sap;  but  asan:  article  of  oommeree  it  is  obtained  from  iiiree  sownes  : 
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the  sugar-cane  (Saeeharinum  officinaU),  beet-root  (Beta  vulgaria)^  and  the  sugar-maple 

{Acer  saeeharinum). 

Beet-root  alone  ^can  he  grown  in  our  climate,  hut  not  as  a  remunerative  crop  for  the 

production  of  sugar.      It  is,  however, 

largely  cultivated  in  France,   Belgium, 

Austria,  and  Prussia ;  since  those  coun- 
tries have  no  colonies  whence  they  can 

derive  cane  sugar. 

The  sugar-maple  is   also  a  tree  of 

somewhat  northern  latitudes,  and  one  of 

great  value  to  the  new  settler  in  Canada 

and  the  United  States,  since  it  not  only 

yields  the  sugar  which  he  so  much  needs, 

and  which  in  his  distant  and  solitary 

hahitation  he  could  scarcely  otherwise 

ohtain,  but  is  valuable  as  wood  also. 

The  sugar  is  readily  obtained  by  boring 

holes  in  the  tree,  so  as  to  permit  the  juice 

to  exude,  and  then  causing  evaporation 

of  the  latter  by  exposure  to  the  air  or  by 

heat. 

The  quality  of  sugar  derived  from 

the  fruits  of  plants,  and  also  from  the 
beet  and  the  sugar-maple,  is  much  infe- 
rior in  sweetening  powers  to  that  ob- 
tained from  the  next  source — the  sugar- 
cane. 

The  sugar-cane  is  a  member  of  a 
family  which  abounds  in  sugar,  and 
grows  readily  in  low  alluvial  lands  of 
all  southern  climes,  and  especially  in 

the  countries  bordering  upon,  or  lying 
within,  the  tropics.  Such  are  the  states 
bounding  the  Lower  Mississippi,  up  to 
about  33°  of  N.  latitude ;  the  West 
Indian  Islands;  the  East  Indies;  the 
Mauritius,  and  parts  of  China.  The  cultivation  requires  a  large  capital  and  the 
employment  of  a  great  number  of  hands ;  so  that,  with  the  exception  of  the  Indian 
crop,  it  is  the  product  of  slave  labour.  The  plants  are  set  at  regular  intervals,  and 
grow  luxuriantly  with  a  single  stalk  and  large  waving  leaves  (Fig.  96),  to  the  height 
of  ten  or  twelve  feet;  so  that  a  sugar  plantation,  with  its  well-cultivated  fields,  large 
red  boiling-house,  planter^s  mansion,  and  village  of  negro  huts,  is  a  picturecque  scene. 
It  is  also  a  busy  scene  during  the  period  of  cultivation,  but  more  particularly  at  that 
of  boiling,  when  the  process  is  not  stayed  night  or  day  until  it  is  finished.  We  have 
inspected  many,  and  have  been  struck  with  the  air  of  richness  and  wealth  which 
usually  pervades  them. 

When  the  plant  is  mature  it  is  cut  down  near  to  the  root,  and  carried  in  wagon  loads 
to  the  boiling-house,  where  it  is  crushed  between  powerful  rollers,  impelled  by  steam. 


Fig.  96.— The  Sugar-cane  {Saeeharinum  officinale). 
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until  the  juice  lias  been  thoroughly  extracted.  The  juice,  mixed  with  quicklime,  is 
then  transferred  to  large  boilers,  where  it  is  evaporated,  and  afterwards  set  aside  to 
crystallize.  The  larger  portion  of  the  sugar  is  thus  separated  from  the  fluids  in  which 
it  was  secreted;  but  a  considerable  quantity  remains  uncrystallized  in  the  mother- 
liquor,  and  constitutes  the  molasses  so  abundantly  used  in  those  climates  as  food,  and 
for  the  distillation  of  rum.  The  colour  of  the  sugar  is  more  or  less  brown,  and  is 
purified  either  in  this  country  or  in  the  country  of  its  production,  by  filtration 
through  animal  charcoal.  Bullock's  blood  was  fermerly  used  for  this  purpose.  The 
coloured  uncrystallized  liquor  which  then  remains  is  the  treacle  of  commerce. 

We  may  mention  that,  as  a  curiosity,  some  cane  sugar  was  made  from  sugar-cane 
grown  in  this  country,  and  exhibited  at  the  Crreat  Exhibition  of  1851. 

Oood  specimens  of  gtape  sugar  were  forwarded  to  the  Great  Exhibition  from  Tunis 
and  the  ZoUverein  States.  Fdim  sugars  have  hitherto  been  mere  curiosities,  but  they 
have  been  made  from  the  date  palm  of  the  Deccan,  the  Gomutus  palm  {Arenga  sacchari- 
fera)  of  Jaya,  the  Kipa  palm  stem,  and  the  flower  of  the  Bassia  latifolia,  and  might, 
doubtles,  be  procured  from  aU  palms  yielding  refreshing  and  fermenting  juices. 

Coloiuliig  Pilneiples. — ^The  colours  presented  by  plants  are  exceedingly  yaried, 
and  aU  alike  depend  upon  the  presence  of  colouring  principles  in  the  cells  of  colourless 
tissue. 

There  are  eight  principal  colours  recognised  in  vegetables— fts.,  white,  gray,  brown, 
yellow,  green,  blue,  red,  and  black;  and  each  of  these  has  many  distinct  shades. 

Of  these  shades  of  colour,  nine  have  been  associated  with  white  :  pure,  snow,  ivory, 
chalk,  and  milk  white ;  with  silvery,  whitish,  turning  white,  and  whitened.  5 

A  similar  number  is  also  attributed  to  grag^  and  are  designated  ash,  lead,  slate,  and 
pearl  gray ;  smoky,  hoary,  and  rather  hoary,  and  mouse-coloured. 

Twelve  have  been  computed  in  connexion  with  broum  ;  viz,,  brown,  chestnut,  deep 
and  bright  brown,  rusty,  red,  brown,  rufous  and  cinnamon-coloured,  with  lurid,  sooty 
and  liver-coloured. 

YeHow  has  twenty  shades ;  thus,  lemon,  yellow,  golden,  pale,  leather,  waxy,  and 
Isabella  yellow ;  sulphur,  straw,  ocre,  orange,  apricot  and  safi&on-coloured ;  testaceous^ 
tawny,  and  livid. 

There  are  seven  varieties  of  green,  of  the  shades  of  oHve,  grass,  sea,  yellowish, 
apple,  meadow,  and  leek. 

Bed  has  seventeen  shades  :  carmine,  rosy,  puiple,  sanguine,  scarlet,  cumaba,  Vermil- 
lion, coppery,  brick,  flame-coloured,  &c. ;  whilst  its  compound  blue  has  but  seven — tn's., 
Prussian,  blue,  indigo,  lavender,  violet,  lilac,  and  sky  blue ;  and  black  has  four :  pure, 
coal,  raven,  and  pitch  black. 

Thus  as  many  as  eighty-six  different  shades  of  colour  have  been  determined  to 
exist  in  plants;  but  only  two  chemical  colouring  principles  have  been  discovered-~vtz., 
ehlorophyl  and  chromule. 

Ghlorophyl  is  so  called  from  its  imparting  a  green  colour  to  plants ;  that  is,  that 
kind  of  green  which  is  universally  met  with  in  all  plants  growing  in  the  light.  It  is 
distributed  to  the  tissues  themselves,  but  more  particularly  to  the  surface  of  the  starch 
cells,  which  are  abundant  in  aU  green  plants. 

Chromule  is  the  general  term  for  the  colouring  principle  of  all  other  colours, 
although  they  may  be  so  closely  approximated  that  adjoining  cells  may  have  totally 
different  colours. 

]>je8.— Another  highly  important  series  of  vegetable  secretions  are  such  colouring 
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matteiB  as  are  cspafaie  of  being  used  as  dyee  of  textile  fabrics.  These  are  yeiy  yaried, 
and  are  also  cbiefly  found  in  southern  countries*  This  series  comprehends  nearly  all 
the  known -dyeSy  sinoe  bnt  few  (as  the  cochineal  insect)  belong  either  to  the  animfil  or 
mineial  kingdom.    The  chief  substances  axe 

J^idigo,  of  which  no  loss  a  quantity  then  70)482  owts.  were  imported  in  1850.  It  is 
the  prodnct  of  the  leaves  of  the  Itidiffofera  tmctmia^  and  /.  anU,  growing  in  the  low 
districts  of  India  and  South  America.  It  is  a  ^ast  dye,  if  in  the  process  of  dyeing  it 
be  fijst  deoxidized,  but  otherwise«it  is  not  permanent.  It  yields  the  Indigo  colour, 
and  also. a  green  when  mixed  with  yellow. 

Madder  is  one  of  the  most  useful  and  common  dyes,  and  is  deriyed  &om  the  root  of 
the  Rtihia  tinctoria.  Its  home  is  Ifaples,  Prance,  and  the  Korth  of  Europe.  2,985  tons 
were  imported  for  this  purpose  in  1850.  It  forms  one  of  the  most  permanent  dyes,  and 
constitutes  the  Turkey  red  dye,  bo  celebrated  for  its  brilliancy.  Garancine  is  the  red 
principle  of  madder,  obtained  by  the  action  of  sulphuric  acid.  2^985  toss  of  tbis  sub- 
stanee  were  imparted  £rom  Pxance  in  1850. 

Logwood  is  the  wood  of  the  HcBnmtoxykin  camjmchianttm,  fsund  in  the  Bays  of  Gam- 
peadiy,  and  Honduras,  in  Central  America.  Its  value  is fiuffieieatiygreat  to  cause  the 
right  cutting  it  to  be  the  subject  of  a  treaty  between  this  country  and  the  States  in 
which  it  grows.  Its  colour  is  red,  but  black  when  precipitated  with  iron,  purple  with 
tin  and  alum,  and  brown  with  copper.     3^500  tons- were  imported  in  1850. 

Brazil  wood^  -from  the  Catalpiita  braz&kneis,  is  one  of  the  largest  importatiQiis  of 
dye  woods.    3,120  tons  were  imported  in  1850. 

Amongst  Ihe  remaining  dyes  are  aikanet  root,  from  the  Anchvaa  tiwatorioj  grown  in 
Asia  and  the  North  of  Europe ;  Hfut^ffoilsj  an  excrescence  on  an  oak,  iAi&.Quer<aairtfeetoriay 
in  Turkey ;  Saffiower,  produced  in  Southern  Asia,  Egypt,  and  the  Levant,  from  the 
dried -flowers  of  the  Carthamus  Hnctoria;  Annatto,  a  South  American  omage-ookmring 
tnatter,  from  the  seed  of  the  Bixa  mieUana;  Iktniterie,  from  the  root  of  a  cucumber,  the 
Circuma  longa  of  India ;  Peach  wood,  or  Nicaragua  wood,  of  the  (7cBMF)^tin«,  from  South 
America;  J^Wj/ic,  the  wood  of  the  Khxs  ooitmiaA  of  Cuba;  Ckimwwidy  from  the  Baphil 
nitida  of  Sierva  Leone ;  Quereitron  dark  of  ^South  America,  from  another  oak,  the 
Quercus  tinctoria ;  the  alder  bark  of  this  country,  from  the  Alnus  gbttinoea ;  Catechu, 
an  extract  of  the  wood  of  the  Indian  A&usia  Cai^chu  ;  red  sunders,  from  the  Pierocarpus 
santaUnus  of  India ;  the  Persian  berries,  from  the  Rhamnus  mfectoria  of  the  Leyjant ; 
and  many  others  of  less  note. 

It  is  worthy  of  remark,  that  the  lowly-organised  Oryptogamic  cellular  plants,  or 
lichens,  afford  colouring  matters  in  great  abundance,  under  the  designations  of  Orchall 
and  Cudbear.  The  following  are  the  chief:  Ramalnia  Jurfiiraeea,  from  Angola; 
RoeodlafucifoTims,  fromMauritius,  Madagascar,  Lima,  and  Valparaiso ;  BoooeUa  imetorin, 
trQm.4he  Capede  Terd  Islands ;  Parmelia  perlata,  from  the  Canaries ;  with  the  Pamslia 
tartarea,  Umbilicaria  pustulata,  and  Ggrophora  murina,  of  SwedfflL 

Wehave  purpeadly  avoided  the  ohemieal  questions  which  naturally  arise  'wh.en 
eo(n«idering  the  interesting  and  important  vegetable  products  which  have  been  passed 
in  review;  but  we  cannot  omit  to  state  here,  that,: although  the  widely-distributed 
fiuhfitances—starch,  sugar,  aad  gum — are  apparently  so  very  diverse  in  their  external 
tthaxaotexs  and  geneoDal  pr^ottiea,  they  iiaye  very  close  chemicad  i:elati«n.  Indeed,  so 
closely  are  they  associated  that  they  are  daily  and  hourly  converted  in  the.  living 
.'pl(8al8,.tiie'ane  into  the  other,  in.tho  0idfir42i-iKhieh.we:harve  placed  th«m-:««j:^ifitarch 
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sugar,  gum.  In  the  early  stages  of  deyelopment,  the  major  product  is  stanch ;  but,  .as 
maturity  approadUss,  this  is  gradually  changed  to  sugar ;  and  to  gum  when  the  pcoiod 
of  deeay  envues,  or  the  starch  at  onoe  passes  into  the  state  of  gum.  So  in  the  T^aUing 
of  barley  :  the  object  there  is  to  oouyert  the  starch  into  sugar ;  but  if  the  process  of 
germinatiDn  be  carried  a  little  teo  far,  the  sugar  begins  to  disappear,  and  is  supplanted 
by  gum.  The  prolonged  coekeiy  of  aoky  faiinaccous  substance  has  always  this  ten- 
diNicy ;  so  that  biseuits  not  unfrsquently  oontain  a  portion  of  gum,  difficult  of  digestion, 
widi  the  fltaroh  wliieh  is  capable  of  ready  eoobyersion  into  the  material  of  the  blood. 

BUica. — The  last  secretion  to  which  we  shall  now  refer,  is  one  of  peculiar  interest— 
9k.,  fiiHca,  or  flint.  This  is  a  mineral  substanee ;  and,  apart  from  yegetable  structures, 
is  so  iadestractible  that  the  strongest  chemical  acid  is  required  for  its  sduti(Hi,  and  yet 
it  haastcoatures  so  delicate  that  a  stem  of  wheat  can  dissolve  it  with  facility.  It  is  not 
pretended  that  vegetables  have  -flie  power  of  producing  flint,  but  only  that  they  are 
enabled  to  dissolve  it  in^eir  juioes,when  water  and  other  fluids  alone  cannot  dissolve 
it.  This  power  seems  to  reside  at  the  extremities  of  the  rootlets,  for  it  is  impossible 
that  flint  could  be  taken  into  their  delicate  tissues  until  it  has  been  dissolved.  The 
sources  of  silica  or  flint,  are — 

1.  The  sand  which  is  so  largely  met  with^in  almost  all  kinds  of  soil,  and  whidi  bos 
the  further  valuable  property  of  permitting  the  rain  to  percolate  to  the  roots  of  the 
plant.  Its  composition  is  chiefly  that  of  silica,  as  may  be  familiarly  inferred  from  its 
essential  presence  in. the  manufacture  of  glass. 

2.  Prom  the  flint  nodules  which  are  foimd  in  the  chalk  formations,  and  which 
themselves  are  the  productions  of  long«bnried  sponges,  mosses,  and  minute  animalcules. 

3.  From  the  skeletons  of  animeloulss  which 
still  remain  in  the  soil.  These  skeletoas  are  com- 
posed of  flint,  as  may  be  proved  from  their  non- 
solubility  in  boiling  nitric  acid  (Fig.  97).  So 
numerous  are  they  that  Eichmond,  in  Virginia, 
United  States,  is  built  upon  a  stratum  eighteen 
feet  deep, and  upwards ofthirtymiles'in length;  a 
stratum  representing  an  innumerable  number  of 
animalcules,  when  it  is  borne  in  mind  that  each 
ammidcule  is  almost  too  small  to  be  seen  by  the 
naked  eye.  Similar  deposits  also  exist  in  ihs  old 
world. 

These  skeletons  -axe  also  found  in  other  po»- 
tiona.  Thus  guoao,  a  substance  consisting  of  the 
excren^nts  of  birds,  Oi^ntains  vast  numbers, 
chiefly  of  three  genera,  Aoiinocyclus,  GaUwnelia 
{Fig.  97),  and  Coscinodiseus.  A  i)owd«ry  sub- 
stance is  known  in  Genoaay  as  B&rg  MeMy  or 
mountain  meal,  whidh  is  chiefly  composed  of  Figr- 97.— SiUcious  skeletons  of  the  D/ato- 

xi_  m.'    •    i.v  J  i»^i-    -J 1.  \.\.         1-        «»acco,  which  have  been  boiled  in  nitric 

them.     This  IS  the  produce  of  the  strata  through      acid.    A,  Navieula  prandis,  B,  Campy. 
which  the  mountain  torrents  run,  and-is  brought       lodiscus  clyp&u,  both  found  m  gnano. 
,      ^,  ^  ^  .^ '  ,,  .  C  and  D,  ffo«ton£«a  »M/cato,  both  from 

down  by  the  waters.     From  its  Tesemblance  to      the  silicioas  eoil  in  Vir^a,  T7.  S. 

fiouTy  it  is  used  In  certain  localities  as  an  article  of  diet. 

4.  From  the  remains  of  plants  in  the 'form  of  manure,  or  otherwise,  which  contain 
silica ;  as,  for  example,  the  wheat  straw. 
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Fig.  98.— Silicious  cuticle  from  the  husk 
of  the  yiheat{Tnticum),  sho'wing  cups 
for  the  insertion  of  hairs,  and  also 
spiral  vessels. 


">*  The  parts  of  plants  in  wMcli  the  slKca  is  chiefly  found,  are  the  external  layers 
of  the  cuticle,  as  in  the  shining  straws  of  our  com  fields,  and  the  canes  and 
bamboos   of  hotter  climates ;   and  certain  rough  straws,   as  that  of  the  Equisetum 

ht/emale,  which  is  so  rough  as  to  be  used  in  the 
polishing  of  metals.  It  is  also  found  in  the 
interior  of  the  joints  of  certain  bamboos,  and 
then  is  termed  tabasheer,  and  from  its  rarity  com- 
mands a  high  price.  It  is  also  found  in  the  hard 
grains  themselves,  as  of  wheat  and  oats,  and  more 
particularly  of  the  rice;  from  which  cause  the 
Caribs,  the  Malays,  the  South  Australians,  and 
other  savage  nations  have  their  teeth  ground  down 
by  the  trituration  of  the  uncooked  grain. 

The  layer  is  exceedingly  thin,  but  yet  it  is 
one  of  pure  flint,  as  may  be  proved  by  its  non- 
solubility  in  boiling  nitric  acid.  It  overlays  the 
vegetable  tissue,  and 
assuihes  its  form, 
and  therefore  varies 
greatly  in  appear- 
ance, according  to  the  object  examined. 

In  Fig.  98  we  have  an  illustration  of  its  appearance 
in  the  common  wheat.  From  this  silex  the  flinty  hairs 
of  the  oat  are  formed ;  and  it  is  well  known  that  animals 
living  much  on  oats  are  liable  to  intestinal  accumu- 
lations of  these  indigestible  hairs ;  and  in  a  lesser  degree 
men  eating  oatmeal  are  liable  to  a  like  inconvenience. 
The  common  meadow  grass  {Festuca  pratenais,  Fig. 
100),  presents  a  silicious  coating  of  considerable  beauty. 

The   most   beautiful   examples  are   the  Equisetum   _     _     

Hyemaley  the  Pharm  CrUtatua  (Fig.  101),  the  common  rice~((??'yra  sativa),  and  the 
stellate  hairs  of  the  Deutzia  scabra  (Fig.  102): 

It  must  be  clearly  understood  that  this  substance  constitutes  no  part  of  vegetable 
structure,  neither  does 
it  assume  any  form  of 
organization,  its  sole 
and  most    important 
duty  being    to  give 
strength  to  the  slender 
stem,  and  to  protect 
the    delicate    tissues 
from  atmospheric  in- 
fluences. 
That  the  quantity 
Fig.  101.— Silica  in  square  and  star-  required  to  supply  the 
like  masses  on  the  leaf  of  a  foreign   _„„4.„  ^j.„  n^^A  ^^«^^ 
grass,  the  Fharua  cristatua.  wantsof  afieldof  com 

is  very  considerable, 
may  be  proved  from  the  following  table ;  and  the  more 


Fig.  100.— Cups  of  Silica  on  the 
chaff  or  palesB  of  the  common 
meadow  glass  {Featuca  pra^ 
tenaia.) 


JQ 
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Fig.  102.— Sinous  cells  and  stellate 
flinty  hairs  on  the  leaf  of  the 
JJmtsda  acabra. 
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sOy  irhea  it  is  remenibered  that  the  layer  is  so  thin  that  it  cannot  be  remoyed  without 
detaching  also  a  portion  of  the  Tegetable  tissae. 

Proportion  of  Silica,  or  flinty  in  lOOOiwir/*  of  the  ashei  left  after  hurning  the  following 

vegetable  substances. 


Oat  straw 
Barley    . 
Wheat    . 
Indian  com 
Oak  leaves 
Ferns     . 
Pea  straw 
Potato  tops 
Heath     . 
Beans 
Bean  straw 
Cabbage 
Buck  wheat 


45- 

38*5 

28-7 

27- 

15- 

10-4 

10- 
8- 
5-8 
2-2 
2- 
21 
1-0 


This  subject  has  an  important  bearing  upon  the  rotation  of  crops,  for  it  is  manifest 
that  if  successiye  crops  of  com,  and  especially  of  oats,  be  obtained  from  the  same  land, 
there  must  be  an  enormous  expenditure  of  this  necessary  article ;  but  that  a  much  less 
quantity  suffices,  if  potatoes,  pease,  beans,  or  cabbage  be'giren  as  intermediate  crops. 
So,  also,  with  regard  to  manures.  It  is  clear  that  a  manure  must  not  only  contain  the 
carbon  which  forms  the  straw,  and  the  salts  which  are  always  found  with  it,  but  there 
must  be  a  constant  and  abundant  supply  of  silica.  This  is  effected  by  using  com,  and 
especially  oat  straw,  as  manure,  and  also  by  the  use  of  guano,  which  contains  a  large 
per  centage  of  silicious  skeletons. 

THE  0BGAN8   OF  PLANTS. 

Haying  now  considered,  in  such  detail  as  our  space  has  permitted,  the  various  ele- 
mentary tissues  which  have  been  discovered  in  vegetables,  and  the  juices  and  secretions 
which  they  contain,  we  proceed  to  describe  the  parts  or  organs  which  are  formed  by 
their  combination.  Such  are  the  leaves,  flowers,  and  frait,  and  the  stmcturcs  which 
support  lliem. 

The  modes  in  which  we  might  proceed  are  numerous,  and  partly  arbitrary,  varying 
with  the  fancy  of  each  author ;  for  no  one  arrangement  of  the  organs  of  plants  is  found 
in  Nature  which  is  acknowledged  ^by  all  investigators  to  be  more  natural  than  any 
other. 

The  nearest  approach  to  Nature  will  be  found  in  proceeding  either  centripetally  or 
centrifugally :  that  is,  either  first  to  describe  the  seed,  and  thence  pass  to  the  centre  of 
the  stem,  through  the  fruit,  flowers,  leaves,  and  other  appendages  to  the  stem ;  or  to 
commence  at  the  stem  and  roots,  and  then  clothe  these  organs  with  leaves,  flowers,  and 
fruit,  in  the  order  which  nature  has  selected.  Of  these  two  we  prefer  the  latter 
course,  and  shall  proceed  to  describe  the  stem,  with  its  root,  and  the  various  organs 
supported  by  them. 
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^Tbe  Stem.—Iii  all  flowering  plants  the  stem  prooeeds  firoia  tihe  aeed  and  that  part 
of  it  termed  the  plumule ;  whilst,  at  the  some  time,  the  root  is  4eyek)ped  frcmanjQ^er 
part  of  the  same  seed — viz.^  the  radicle.  These  two  newly-formed  organs  thence  assume 
diverse  directions,  the  root  passing  downwards  to  fix  the  plant  firmly  to  the  earth,  and 
to  abstract  nutriment  from  the  ground ;  whilst  the  stem  usually  emerges  from  the  soil, 
and  grows  in  a  perpendicular  direction,  so  as  to  hear  the  leaves  and  other  organs  of 
growth  and  reproduction  from  the  ground,  and  expose  them  freely  to  the  action  of  the 
light,  air,  and  moisture.  The  point  in  the  seed  whence  the  stem  and  root  diverge  is 
known  as  the  collum  or  neck  (Fig.  100  b),  and  even  in  trees  which  attain  to  a  consider- 
able size  this  Hnc  remains  more  or  less  distinct. 

When  the  seed  has  begun  to  germinate,  and  the  growing  points  just  referred  to  have 
lengthened,  the  "other  parts  of  the  seed — vt'z.y  the  cotyledons,  or  seed-leaves,  enlarge,  and 
take  on  the  function  of  nutrition  by  converting  the  starch  contained  within  them  into 
sugar.  At  length,  by  their  elongation,  they  emerge  from  the  soil,  and  appear  as  two 
opposite  roundish  leaves,  which  are  capable  of  absorbing 
oxygen  from  the  air,  and  fixing  carbon  within  the  tissues 
which  are  then  in  process  of  formation.  At  this  stage, 
then,  we  find  a  .root,  stem,  collum,  and  seed-leaves,  all  of 
which  are  represented  in  Fig.  103. 

The  current  of  sap  having  been  set  in  motion  by  the 
action  of  the  cotyledons,  or  seed-leaves,  the  latter  disappears, 
and  the  plumule,  or  young  stem,  continues  to  elongate 
rapidly,  and  imtil  it  arrives  at  the  point  whence  its  first 
loaf  is  to  issue,  is  technically  termed  a  node.  At  this  point 
the  stem  swells,  and  the  structures  of  which  it  is  composed 
are  bent  out  of  their  former  direction,  and,  in  part,  enter 
within  the  structure  of  the  newly-developed  leaf.  The 
stem  may  now  fairly  take  on  the  term  of  ascending  axis, 
which  is  usually  given  to  it,  since  it  has  begun  to  develop 
the  organs  which  are  subsequently  to  be  arranged  around 
it  as  their  centre.  It  has  also  received  a  variety  of  other 
names,  which  it  may  be  useful  to  mention — viz.^  the  cau- 
dez  mtermedius  and  ascendens,  trunous  or  truncus  as- 
cendem,  -wi&  ct^nuM. and  stipes.   All  these  Ixave  a  simEar 

Fig.l03.-Exhibitin?th^rts  S^^tion.  .  .  .    .^  " .       , 

of  a  plant  soon  after  the  com-         The  growth  is  not  arrested  by  the  development  of  a 

'^t  ttrc^^f^toSTo/*^^^  '^^^^  ^^  ^^^  but.proceeds  for  a  certain  period,. until  ano- 

Icaves,  which  have'  appeared  ther  leaf  and  node  are  formed;  and  so  on  pfcTQgressively 

■""iriS^'ptoSSu:,  or  grawtag  "^til  the  period. of  growtii  has  passed  away.    We  .haye 

point  of  the  stem,  elongated  then  a  series  of  nodes  and  spaces  between  them,  which 

»:to*^lS^'^Ung(or  spaces  are  termed -wrimuwfe*.    A  rtem  may  Urns  .be  «ud  to 

rather  connectin?)  the  part  of  consist  of  a  number  of  nodes,  with  their  intemodes. 
the  plant  above  it,  the  ascend-  ••   j«  m-i  n  •        n  x-l 

ing  axis,  from  the  part  below        JTodes,— These  are  well  fiefin  in  aU  graces,  as  the 

it,  the  descending  axis.  ordmary  grass  of  this  country ;  with  wheat,  oate^aad  oth^r 

•rt,  the  radicle,  with  the  root-  j  ^-     i    i     •    xv     -l      v  j 

lets  proceeding  from  it.  ^asaas ;  and  more  particularly  in  .the  b9mboQ8  and  eaoes 

of  Bonihem  dimes.    It  is  there  found  as  B.difitinet  bulging 

around  the  stem,  of  a  hard  and  rounded  character,  and  oftentimes  hendix^g  the.stGin 

from  the  perpendicular  direction.    In  wooded  plants^  or  .trees^  in  general,  it  is  less  per- 
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cep^le,  since  the  small  swelling  at  the  l)ase  of  the  single  leaf  which  is  t^ere  developed, 
'betas  hut  little  proportion  to  the  size  of  the  trunk  of  the 
tree. 

The  essential  difference  in  structure  between  a  node 
and  an  intemode  is,  that  the  hundles  of  wood  are  com- 
pressed and  turned  aside  in  the  former,  so  as  to  enter  the 
leaf,  and  thus  a  slight  interruption  to  the  course  of  the 
general  circulation  ensues ;  whilst,  in  the  intemode,  the 
hundles  of  woodyfihrepass  perpendicularly,  and  lie  parallel 
to  each  other.  In  some  instances,  as  in  the  grasses  with 
hollow  stems  above  mentioned,  this  compression  or  con- 
traction of  parts  is  so  great,  that  a  septum  is  formed  across 
the  stem,  dividing  it* into 
two  or  more  cavities.  This 
may  readily  be  seen  on 
making  |i~perpendicular  sec- 
tion of  a  stalk  of  wheat,  or 
of  the  bamboo,  and  with  the 
scjjtum  of  the  latter  may 
sometimes  bo  foTrnd'  the 
-flinty  deposit  before  men- 
iioned,  imder  the  "term  of 
iaiassh^r.  They  are  then 
said  to  be  closed,  in  opposi- 
tion to  the  pervious  or  open 
condition,  found  when  the 
pith  passes  through  it. 
When  the  node  surrounds 
tie  stem,  as  in  the  grasses 
and  the  hemlock,  it  is  desig- 
nated as  'entire ;  and  when  otherwise,  as  in  trees,  it  is 
termed  dnndeil. 

As  the  essential  element  of  anode  is  a  new  disposition 
of  "tike  woody  and  other   tissues,  to  meet  the  require- 
Tnents  of  a  leaf,  it  is  manifest  that  wherever  a  node 
exists    there    must   be,   or  have  been,  a  leaf,  i>erfectly 
or  incompletely  developed.     In  many  instances  tiie  grow- 
ing process  ends  after  the  formation  of  a  node  and  before 
the  entire  development  t)f  a  leaf;  and  then  will  be  formed 
a  leaf-bud,  immediately  above  the  base  of  a  leaf.    When 
such  leaf-bud  is  evident,  the  node  is  termed  eempound ; 
•and  when  otherwise  it  is  called  simple. 
Bo  far  this  account  may  suffice  for  both  herbaoeous  and  woody  stems,  but  it  is  n«ed- 
fol  here  to  interrupt  our  description,  and  consider  herbaceous  and  woody  stems  sepa- 
rately.    This  results  from  the  great  difference  which'  is  observed  in  the  structure,  ejt 
well  as  in  the  degree  of  delicacy  of  organization  of  the  two  kinds  of  stems. 

'Stems  df  Herbaceous  Tla]Xts.-~&erbaceous   plants   are,   for  ^e  most  part, 
amroote — ^that  is,  such  as  are  produced  and  die  in  t3ie  same  season.   It  is,  therefore,  not 


Fig.  105.— Diagram,  gbowing  at 
a  a  the  nodes,  with  bundles  of 
"^oody  fibre  passing'  from  their 
parallel  course  in  the  stem  to 
enter  the  leaf  bud  or  the  foot 
stalk  of  a  leaf. 


I1g.lQ4i— A  stem  of  Ifae  fiimUy 

ra  grasses,  showing  at  a  a 

the  enlargsmeiits  indicatiBg 

'the  ezTstenee  of  nodes. 

The  interval  between  the 

two  nodes  is  termed  an  inter - 

node. 
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necessary  that  they  should  possess  the  rudeness  and  strength  of  texture  which  appro- 
priately belong  to  plants  that  have  to  combat  the  power  of  the  elements  through  a 
long  series  of  years. 

The  stem,  for  the  most  part,  is  small,  seldom  attaining  to  a  greater  diameter  than 
one  and  a-half  inch ;  and,  with  the  exception  of  twining  plants,  and  such  grasses  as 
the  bamboo,  do  not  exceed  six  feet  in  height.  The  structure  is  delicate,  being  composed 
of  cellular  tissue  of  a  somewhat  loose  kind,  with  bundles  of  woody  fibre  running  at 
intervals  from  the  root  upwards.  They  are  thus  but  ill-fitted  to  resist  the  influence  of 
strong  winds,  or  the  destructive  propensities  of  animals.  There  ore,  however,  some 
circumstances  which  tend  to  increase  their  strength.  Such  are — ^first,  the  cylindrical 
form  of  the  stem ;  secondly,  the  hollowness  of  the  stem;  and,  thirdly,  the  inclosure  of  the 
stem  by  a  tough  cuticle  or  bark,  and,  in  some  instances,  a  further  layer  of  silica  or  flint. 
That  the  cylindrical  form  is  stronger  than  any  other  is  well  known ;  but  it  may  not  be 
so  commonly  understood  that  a  hollow  cylinder,  with  moderately  thick  walls,  is 
stronger  than  a  solid  rod  of  the  same  material.  Thus  that  vacuity,  which  at  first  sight 
is  indicative  of  weakness,  is  really  fitted  to  impart  increased  strength.  The  cause  of 
the  hollowness  is  the  more  rapid  development  of  the  perpendicular  than  the  horizontal 
layers  of  the  stem. 

The  stem  of  an  herbaceous  plant  thus  consists  of  three  parts :— a  central  pith,  which 
is  irequently  wanting ;  an  external  envelope  or  skin ;  and  an  internal  mass  of  cellular 
tissue  and  woody  fibre.  The  pith  is  composed  of  cellular  tissue,  of  the  hexagonal  or 
octagonal  form.  The  woodi/  fibre  of  the  stem  is  not  found  ia  even  layers,  but  in  bun- 
dles lying  detached  from  each  other,  as  may  be  readily  seen  by  tearing  a  stem  across, 
when  the  bundles  of  tough  fibres  will  be  stretched,  and  project  somewhat  from  the 
broken  surface.  It  may  also  be  seen  through  the  cuticle  of  the  common  parsley,  in 
ribs  passing  in  parallel  lines  from  the  root  upwards  into  the  leaves.  Each  bundle  is 
usually  inclosed  in  a  mass  of  cellular  tissue,  to  which  it  gives  firmness. 

Cuticle. — ^The  cuticle  of  herbs  is  an  interesting  structure,  and  the  seat  of  a  large 
part  of  the  respiration  and  digestion  which  proceeds  in  those  plants.  It  consists  of  two 
layers — an  epidermis  or  scarf-skin,  and  a  true  skin,  with  certain  appendages — viz.^ 
stomata,  hairs,  prickles,  warts,  and  reservoirs  of  secretions. 

The  JEpidermis  is  a  layer  of  inspissated  organic  mucus,  which  sometimes  may  be 
readily  detached  from  the  cuticle, 

d 


as  in  the  common  box-leaf,  but 
at  others  req^uires  maceration  in 
water  for  some  time  before  its  exist- 
ence can  be  demonstrated.  It 
covers  all  the  external  surface  of 
the  plant,  except  the  stomata  and 
the  free  end  of  the  stigma,  and  it 
even  forms  a  covering  for  the  hairs. 
Mohl  considers  it  to  be  a  secretion 
poured  out  from  the  external  sur- 


LJ_Ll_lJ 


c  c  c  c 

Fig  106.— Showing  the  structure  of  the  leaf  in  the  lily  on 
a  transTerse  section, 
a,  ft,  outer  layer  of  the  cuticle,  composed  of  compressed  cells, 
face  of  the  cells,  the  walls  of  the  ^»  a  subjacent  layer  of  larger  cells,  with  vacuities,  or  paren- 

.        .    .  .  chymatous  structure,  underneath, 

cells  themselves  being  at  the  same  o,  canals  of  dimater  passing  through  the  cuticle  to  the  air 
time  thickened  by  internal  depo-       cavities  above. 

sits.-    It  is  not  a  cellular  structure,  although,  when  removed  from  the  surface  of  ,the 
cuticle,  it  has  a  cellular  outline ;  but  is  a  simple  layer,  with  markings  corresponding  to 
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Fig.  107.— Exhibiting  a  front 
view  of  four  stomata  at  a,  im- 
bedded in  hexagonal  cellular 
tissne. 


the  GeQ-walLs  over  which  it  is  placed.  Hartig  has  diyided  it  into  three  layers— an 
intemal,  an  external,  and  an  intermediate  layer ;  but  such  is  not  the  experience  of 
other  observers.  Its  use  is  to  protect  the  delicate  structures  lying  beneath  it,  and  is 
analogous  to  the  scarf-skin  which  protects  the  skin  of  man. 

The  IVue  Cutide  is  composed  of  one  or  more  layers  of  cells,  the  outer  one  being 
much  flattened  (Fig.  106  a).  The  cells  are  mostly  of  hexagonal  figure  and  wavy  out- 
line. Some  anatomists  have  denied  the  cellular  nature  of  this  structure,  on  the  grounds 
that  the  cells  are  not  demonstrable,  and  that  the  skin  may  readily  be  peeled  from  the 
subjacent  tissue ;  but  this  theory  is  not  usually  admitted. 
Moreover,  in  the  cactuses  and  orchids,  and  also  in  the  Ne- 
Hum  Oleander,  there  are  several  layers  of  cuticular  ceUs,  the 
whole  of  which  may  be  demonstrated  (Figs.  106  <f,  and  110). 
Whenever  any  shred  of  cutis  is  removed  from  the  stem 
of  a  herb,  some  portions  of  woody  fibre  are  removed  with 
it,  so  that  it  may  be  questioned  if  woody  tissue  is  not  a 
component  of  the  skin ;  but  it  is  perhaps  more  correct  to 
associate  the  wood  with  the  structures  immediately  be- 
neath the  skin  rather  than  with  the  cellular  skin  itself. 

Stomata  (Fig.  107)  are  mouths  by  which  respiration 
and  exhalation  are  carried  on  in  vegetables.  They  con- 
stitute openings  into  and  channels  through  the  epidermis, 
and  lead  into  cavities  beneath  (Fig.  108,  A).  Their 
structure  is  somewhat  complicated,  since,  for  the  most 
part,  there  are  a  series  of  rounded  cells  bounding  the  opening,  with  two  larger  kidney- 

.     shaped  cells  in  the  centre,  pressing 
-^  S  C  closely  against  each  other  when  the 

^  ^^  — ^  ^  stomate  is  closed,  and  cemented  to  the 
surrounding  cells  by  something  in  the 
nature  of  a  hinge,  which  permits 
them  to  rise  and  fall  with  consider- 
able force  (Fig.  108,  C  a).  In  the 
centre  of  the  stomate  there  is  a  raised 
line  when  it  is  closed,  and  a  slit  when 
it  is  open  (Fig.  108,  C  c) ;  and  through 
this  opening  an  entrance  is  effected  to 
the  cavity  beneath  (Fig.  108,  A  c). 
This  cavity  varies  in  figure  and  form ; 
but  it  is  always  surrounded  by  cells, 
which  communicate  freely  with  other  cells  of  the  epidermis  (Fig.  108,  A).  It  is  thus 
that  air  and  moisture,  having  entered  by  the  stomata,  act  not  only  in  the  cavity  beneath 
that  organ,  but  in  the  surrounding  open  cellular  net- work  of  the  leaves  or  cuticle. 

Such  is  a  general  description  of  the  stomata;  and  before  entering  further  into 
detail  we  will  request  our  readers  to  verify  the  above  account  by  an  examination  of 
these  structures.  Take  a  very  thin  slice  from  the  under  surface  of  a  leaf  or  flower  of  any 
plant,  as  of  the  lily  (Fig.  109,  A),  the  Zea  Mays  (Fig.  109,  B),  or  the  common  geranium  ; 
or  strip  a  thin  piece  of  the  cuticle  of  a  herb,  as  of  the  parsley,  and  place  it  in  water 
between  two  pieces  of  glass,  and  examine  it  with  the  microscope.  First  examine  the 
outer  surface,  on  which  may  be  seen  the  cells  and  slit  referred  to,  and  then  turn  over 


Pig.  108. 

A,  stomata  of  the  Iris,    a  a,  green  cells  bounding  the 
orifice,    h  6,  cells  of  the  parenchyma,  c,  air  chamber. 

B,  the  same  as  seen  from  aboTe.   a  a,  cells  of  the  stoma, 
c,  opening  between  them. 

C,  stoma  of  the  apple  leaf,   a,  cells  of  the  stomate.  h  ft, 
cells  of  the  cuticle,    c,  opening  of  the  stoma. 
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the  object,  and. carefully  notioe  the  cayity  into  wiuch.  the  ^t  ia  diseotecL.    Thfr minute 
and  regular  airangement  of  the  yarious  parts  o£each  Btomate,  and  of  all  ihe  stemBta.on- 


Fig.  109.— View  of  ordinary  gtomata,  eb  seen  between  tha  veins  of  the  leaf  of  the  Lilt,  A,  or,  Zba 
Mays,  B,  both  endogenous  plants,  and  of  aa  exogenooa  plant  at  C. 

Their  reg:nlarity  in  fignre  and  position,  and  the  uziiformly  oval  outline,  will.be  observed. 

the  cuticle,  will  excite  admiration ;  and  the  more  so  when,  on  examining  a  variety  of 
plants,  the  little  organ  is  found  very  variously  figured. 

The  general  outline  of  the  stem  ate  is  commonly  circular  or  oval ;  but  in  the  flax 
plant,  the  Agave  Americana  (Fig.  61),  and  a  somewhat  similar  one,  the  Tiicca  ghriosa, 
it  is  quadrangular.  In  Marchaniia  they  resemble  funnels,  and  are  composed  of  several 
cells  arranged  in  tiers,  and  forming  tubes,,  which  perforate  the  epidermis,  and  terminate 
in  the  cavity  beneath.  In  the  oleander  {Kerium  Oleander)  the  cells  have  disappeared, 
and  the  cavity  is  simply  protected  by  hairs.  This  may  readily  bo  seen,  if  a  portion 
of  the  leaf  be  placed  under  the  microscope,  as  above  directed.  The  Myrodendrotiy 
pimctulatum,  growing  on  trees  in  the  antarctic  regions,  has  a  remarkable  modification 
(jf  the  stomata.  Dr.  Hooker  states  that  the  stomate  expands  on  both  sides  into  a  kind 
of  cup— a  condition  which  results  irom  the  hour-glasa  construction  which  is  met  with  at 
the  apei-ture. 

But  whatever  may  be  the  figure  of  the  organ  it  is  so  uniform  in  the  same  species 
that  certain  botanists,  as  Brown,  are  of  opinion  thai  they  nright  be  made  a  basis  of  clas- 
sification. This,  however,  would  be  very  difficult,  on  account  of  their  minute  size 
and  the  necessity  for  the  constant  use  of  the  microscope  ;  and  further,  from  the  fact 
that  a  few  plants  present  more  than  one  form  of  stomate.  Thus,  in  the  Nepenthes 
or  pitcher  plant,  there  are  two  forms  of  stomata,  one  being  semi-transparent  and 
nearly  colourless,  of  an  oblong  figure,  and  with  pellucid  globules  within  the  cells 
whilst  the  other  is  roundish,  red,  and  more  opaque,  and  rests  not  over  a  cavity,  but 
upon  a  gland. 

It  is  proper  to  state  that  certain  observers  of  eminence  have  denied  the  accuracy  of 
the  above  statement,  as  to  the  construction  of  stomata,  and  have  affirmed  that  they  do 
not  lead  into  a  subjacent  cavity,  and  consequently  have  no  opening  at  the  slit.  Some 
German  anatomists  have  affirmed  that  the  supposed  opening  is  simply  a  thinner 
translucent  portion  of  the  membrane,  and  that  the  slit  is  the  thickened  border  of  this 
space.  Brown  believed  them  to  be  usually  imperforate,  and  to  be  formed  by  an  opaque 
and  sometimes  coloured  membrane.  Such,  however,  is  not  the  opinion  commonly 
entertained;  and  we  may  confidently  appeal  to  the  investigations  of  our  readers  to 
refute  it. 

Stomata  are  not  found  upon  all  plants,  the  exceptions  being  such  as  are  submersed 
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in  wtder,  or- grow-  in*  darknese^  and  alflo  the  lowest  classes  of  plants,  as  niTifl]iroain%  bm^ 
weeds,  and-  Heiiens,  except  mosses.  Neither  areihey  found  upon  all  parts  of  any  planti, 
but  are  absent  from  ihe  roots  and  ribs  of  leares.    They  are  most  abundantly  fi>und.  on 


Fiii.  110. 

Fi;.  110. — A  side  view  of  the  modified  etomata  of  the  Nbuum  Oleandeb,  and  of  a  Banksia,  in 
which  they  are  seen  clustered  together  at  the  bottom  of  a  pit,  a,  the  entrance  of  which  is  defended 
bjhaizB,6. 

Fig.  111.— A  front  view  of  the  same  organ." 

the  under  surfEice  of  such  leaves  as  pres^it  one  sur&oe  to  the  soil  (Fig.  106),  but  on  both 
surfaces-  equally,  if  the  edges  only  be  directed  yertioally.  They  are  also  met  with  on 
the  cnUcAe  of  stems,  on  flowers,  and  eyen  on  t^e  seeds  of  a.  few  plants,  and  on  their 
cotyledons. 

The  number  of  stomata  found  upon  a  moderate*sized  leaf  is  sometbnes  prodigious^ 
flTTiAimfwig  in  some  instances  to  160,000  on  each  square  inch  of  surface.     Thomson 
gives  the  following  enumeration,  which   shows  not  only  the  total  number  but  the 
[  relative  quantity  on  the  two  suifaces  of  the  leaf  :— 

I  On  each  square  inch 

I  of  upper  aide,  and. of  under  side. 

6,000 


Alisma  Plantago  (Water  plantain) 12,000 

Coboea  scandens none. 

Diantbus  Caryophyllua  (Pink) 38,500 

Di^pihne  MezcHreum  (Mezereum) none. 

Hyp^cum  Gzfyndiftorum  (St.  John's  Wort)  .     .     .  none. 

IlBx.(H»lly) none. 

Iris  Germanioa  (Iris) 11,572 

Olea  Euiopeoa  (Oliye) none. 

Psoenia  (Pesony) none. 

Pyrufl  (Pear) none. 

Eum^K  Aeetosa  (common  Sorrel) 11,088 

Tusailago  Earfara  (Coltsfoot) 1,200 

Vitia  yiniiera  (Vine) none* 

Tiscum  album  (Mistletoe) 200 

Syringa  yulgaris   • none.. 


20,000 

^,500 

4,000 

47,800 

63,600 

11,572 

57,600 

13,796 

24,000 

20,000 

12,500 

13,600 

200 

160,000 


Of  28  plants  in  this  table  which  had  been  examined,.  15,  or  more  than  half,  had  no 
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stomata  on  ihe  upper  surface ;  6  had  fewer  stomata  on  the  upper  than  on  the  under 
surface ;  and  5  had  an  equal  number  on  both  surfaces, — Cleaving  only  two  ingtanoes  in 
which  the  number  was  greater  on  the  upper  than  on  the  imder  surface  of  the  leaf. 

The  number  and  position  of  the  stomata  must  have  an  immediate  reference  to  their 
function.  It  is  commonly  understood,  as  has  already  been  intimated,  that  the  function 
is  that  of  admitting  air  and  moisture  to  promote  the  digestion  of  the  crude  sap 
which  had  been  brought  to  the  leaves,  and  that  for  this  purpose  they  are  endowed  with 
the  faculty  of  opening  and  closing  according  to  the  momentary  requirements  of  the 
plant.  This  will  explain  the  necessity  for  their  conformation.  As  to  their  position, 
that  seems  to  be  due  to  sereral  causes.  First,  that  by  being  placed  on  the  under  sur&ce 
they  are  shaded  from  the  direct  action  of  the  sun's  rays,  and  are  thus  permitted  to 
carry  on  their  functions  without  being  impeded  by  too  great  a  degree  of  eyaporation. 
Secondly,  they  are  also  more  sheltered  from  the  injurious  deposition  of  dust.  Thirdly,  the 
exhalation  of  moisture  from  the  groimd  is  in  the  form  of  vapour,  which,  from  its  specific 
gravity,  rises,  and  thus  reaches  and  enters  the  under  surface  more  certainly  than  the 
upper  surface.  It  is  not  presumed  that  in  any  case  water  enters  the  stomates  as  such, 
but  only  in  the  state  of  vapour ;  for  although  plants  are  refreshed  after  a  shower,  it  does 
not  follow  that  the  rain  was  bodily  introduced  within  them ;  and  it  seems  inconceivable 
that  bodies  of  so  minute  a  size  should  at  the  same  time  be  fitted  for  the  admission  of 
gases,  and  of  fluids  of  such  density  as  water. 

There  are  those,  however,  who  maintain  that  such  is  not  the  function  of  the 
stomata,  but  that  they  are  in  the  nature  of  glands.  Link  says  that  he  cannot  find  a 
distinct  connexion  between  the  stomata  and  the  subjacent  cavities  in  the  cellular 
tissue  of  the  leaves.  Moreover,  he  cannot  understand  how  organs  of  so  distinct  a 
structure  should  only  lead  to  mere  cavities  in  the  cellular  structure;  and  the  obstructing 
and  covering  matters  which  they  produce  bave  always  led  him  to  consider  them  as 
organs  of  secretion.  Brown  also  affirms  that  they  are  rather  of  the  nature  of  glands ; 
but  there  cannot  be  a  doubt  that  in  the  vast  majority  of  instances  this  view  is  incorrect. 
It  is  true  that  in  a  few  instances  the  stomata  are  modified  both  in  figure  and  in  frmction 
to  perform  the  office  of  glands.  Such  is  the  case  in  the  Dionsea  Muscipula,  or  Venus' 
fly-trap  (Fig.  1),  in  wHch  the  stomata  are  reduced  each  to  a  pair  of  parallel  green 
cells,  which  arc  placed  upon  the  surface  of  the  leaf,  and  secrete  a  tenacious  mucus ;  but 
such  are  exceptional  cases. 

It  would  be  interesting  if  we  could  determine  with  certainty  the  precise  mode  in 
which  these  beautifrd  organs  are  formed;  but  such  seems  hitherto  to  have  been  a  hopeless 
task.  Mohl  sought  to  determine  it  by  examining  the  difierent  parts  of  a  growing 
hyacinth,  in  the  expectation  that  the  parts  of  the  leaf,  which  are  successively  developed 
from  above  downwards,  would  have  stomata  of  various  degrees  of  perfection.  He 
noticed  that  in  the  lower  part  of  the  leaves,  or  that  most  recently  developed,  small 
quadrangular  cells,  with  a  slit  of  about  equal  diameter  either  way,  were  placed  between 
the  layers  of  the  epidermis.  These  sometimes  contained  a  granular  substance,  which, 
higher  up  in  the  leaf,  became  a  compact  mass.  At  the  same  period  a  partition  was 
formed  'in  the  middle  of  the  cell,  at  first  slightly,  but  subsequently  more  strongly 
marked,  and  at  length  unfolded,  so  that  the  simple  cell  became  divided,  and  a  stomate  was 
formed.  After  this  the  surrounding  cells  enlarged,  and  the  central  slit  increased  at  a  still 
greater  rate.  All  this  and  the  subsequent  completion  of  the  stomate  may  be  observed  by 
any  of  our  readers  who  may  have  a  tolerable  microscope,  and  will  oblain  by  practice 
a  certain  delicacy  in  cutting  minute  structures. 


Digitized  by  ^OOQIC 


THE  HAIRS  OF  PLANTS. 


65 


Haira  are  minute,  semi-transparent,  transparent,  or  opaq[ue  thread-like  processes, 
attached  to  the  cuticle  by  one 
extremity,  and  remaining  free 
at  the  other  (Fig.  112).  They 
are  always  of  a  cellular  charac- 
ter, the  cells,  if  more  than  one, 
being  larger  and  more  numer- 
ous at  the  bottom,  and  then 
piled  one  upon  the  other,  and 
laid  in  one  or  more  rows,  until 
the  apex  is  attained,  with  its 
single  elongated,  rounded,  or 
pointed  cell.  The  figure  and  , 
minute  anatomical  characters  ] 
vary  considerably,  so  that  the 
above  general  dlescription  may 
require  modification  when  ap- 
plied to  individual  instances. 
Thus  the  hairs  of  certain  plants 

are  attached  by  their  middle,  „,     ,,„„.,,        ,„  .  ,     ,  *  .. 

jv        vxi-jr  a     -i  ^iJf'  112.— Variously  formed  Hairs,   a,  a  gland,  surmounted  by 

ana  nave  botn  ends  iree.     Bucn     a  hair.    6,  a  hair  with  an  enlarged  and  secreting  free  cxtre- 
are  those  of    Indigofera,    Cap-     niity.  c,  <?,  simple  hairs  with  pointed  extremities,  rf,  branched 

itUa^  and  AstragcUtis  asper  ;  but 

in  oi-der  to  bring  these  within  the  definition  above-mentioned,  it  is  customary  to  assert 

that  it  is  not  one  single  hair  attached  by  its  middle,  but  two  hairs  springing  from  the 

opposite  sides  of  an  elevated  cell.     Such,  doubtless,  is  the  correct 

explanation  of  hairs  which  assume  a  stellate  or  star-like  form,  and 

which  are  really  clusters  of  hairs  attached  each  by  one  extremity. 

This  variety  is  met  with  readily  on  the  leaves  of  the  Mallows,  in 

which,  with,  the  assistance  of  a  small  hand  magnifier,  the  stars  may 

be  perceived.     The  most  beautiful  illustration,  however,  is  that  of 

the  hairs  of  the  Dentzia  seabra  and  corymbosa  (Fig.  102),  and  the 

EletBogntis,  which,  as  has  already  been  demonstrated,  are  coated  with 

a  layer  of  silica  or  flint.    They  are  very  resplendent  when  viewed 

with  the  light  thrown  upon,   and  not  through  them— that  is,  as 

opaque  objects,  and  may  aptly  be  compared  to  the  jewelled  star  of 

the  Most  Noble  Order  of  the  Garter. 

Certain  hairs  are  bent  at  the  points  of  articulation  of  the  cells, 
whilst  others  have  their  points  only  thus  distorted.     This  latter 
variety  is  seen  familiarly  in  the  common  teasel  {pipsacus),  and  has 
been  used  -with  much  sagacity  by  cloth-workers,  for  the  purpose  of  Fig- 113.— A  prickle 
raising  the  nap  of  the  cloth.     The  extremity  is  hooked,  and  by  that     i^'s  Teazel  {J>ip' 


means  adheres  to  an  object  with  great  pertinacity,  as  any  one  may 
prove  by  placing  the  fruit  of  the  teasel  in  his  hair  (Fig.  113). 

Another  and  very  interesting  modification  is  that  in  which  the 
hair  consists  of  a  single  cell,  but  having  an  elastic  spiral  fibre  coiled 
up  within  it.  Such  hairs  are  almost  imperceptible,  so  long  as  they 
remain  dry ;  but  elongate  and  expand,  sometimes  with  a  crackling 


sacus  fullonum)^ 
consisting  of  a 
long,  somewhat 
bent  cell,  thick- 
ened by  layeiTS, 
and  embraced  at 
the  base  by  a  mass 
of  porous  epider- 
mis cells. 
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sound,  on  their  immersion  in  -water.  They  are  found  in  the  common  mustard  {SUutpis), 
which  any  one  may  examine  after  immersion  for  three  hours,  and  have  the  form  of  an 
elongated  cell,  terminated  by  a  bell-shaped  expansion.  In  the  seed-coyering  of  the 
Collomia  grandiflora  and  common  sage  (Salvia),  each  hair  is  simply  an  elongated  cell  of 
even  diameter,  terminated  by  a  rounded  obtuse  end,  and  with  a  single  coiled  elastic 
fibre  proceeding  from  the  base  to  the  apex.  This  is  an  interesting  object,  but  requires 
considerable  dexterity  and  quickness  to  see  it  with  advantage.  Slice  the  smallest  portion 
of  the  outside  of  the  common  sage,  and  place  it  dry  between  two  glasses  under  the  micrO" 
scope.  No  hairs  will  then  be  perceived ;  but  if,  whilst  it  is  so  placed,  and  the  eye  is  upon 
it,  a  drop  of  water  be  insinuated  between  the  glasses,  until  it  touch  the  seed,  there  will 
instantly  start  out  scores  of  long  fibro-cellular  hairs  >  and  as  the  complete  development 
occupies  a  perceptible  interval  of  time,  the  eye  may  readily  trace  the  process  of  elonga- 
tion. When  the  change  has  been  entirely  effected,  the  object  has  no  longer  a  defined 
smooth  border,  but  is  bounded  all  round  by  thread-like  projecting  points.  A  similar 
structure  has  been  discovered  in  the  hairs  of  the  seed  of  Acanthodium,  hut  with  tiiis 
difference,  that  two  or  three  spiral  fibres  have  been  traced  in  one  ceU ;  and  in  some 
instances  the  fibres  broken  up  into  numerous  rings.  This  is  doubtless  a  beautiful 
object. 

All  the  foregoiag  varieties  of  hairs  may  be  termed  single,  but  there  are  others  which 
may  fitly  be  designated  as  compound.  Such  are  toothed  hairs,  in  which  there  are  short 
eeHular  projections  on  both  sides  of  the  hair ;  and  branched  hairs  wh^i  the  teeth  are 
greatly  elongated  (Fig.  112  rf).  In  a  few  instances  this  development  is  carried  yet  for*- 
ther,  and  the  branches  themselves  are 
toothed,  and  the  hair  is  said  to  be  plumose. 
In  others,  the  branches  are  restricted  to 
one  side  of  the  hair,  when  the  latter  is 
termed  one-sided. 

But  perhaps  the  most  interestiog  cir- 
cumstance in  connexion  with  the  anatomy 
of  hairs,  is,  that  in  some  plants,  as  the 
Sago-palm  {Cycas  revoluta—Fig.  114),  the 
cuticle  of  the  hair  can  be  unrolled  spirally. 
Professor  Quekett  has  described  this  upon 
the  fruit  of  that  plant,  and  has  delineated  p^.  nJUJortions  of  hair  from  the  f^mt  of  the 
it  in  Fig.  114.  Sago-palm  {Cycas  revoluta)^  exhibiting  a  spiral 

The  foregoing  remarks  have  exclusive  ^^**^*  °^°  emem  lane. 
reference  to  one  great  division  of  hairs— vtz.,  the  Lymphatic,  or  such  as  bear  innocuous 
fluids ;  but  there  is  another  large  division  which  have  a'different  conformation,  and 
contain  juices  of  highly  acrid  and  poisonous  properties.  The  sting  of  the  nettle  ( Urtiea) 
is  a  familiar  and  painful  illustration,  but  the  hairs  of  the  leaves  of  certain  tropical 
plants  are  yet  better  examples.  These  contain  juices  so  poisonous,  that  if  the  hand 
grasp  a  leaf,  it  speedily  inflames  and  swells,  aad  so  disturbs  the  whole  system,  that  Ufe 
is  endangered.  Such  is  the  Jatropha  when  growing  in*  our  hot-houses  even,  a&d  is 
handled  only  with  the  protection  of  a  pair  of  thick  leathern  gloves..  Moreover,  if  saxy 
part  of  the  body  be  placed  imder  this  tree  during  a  shower  of  rain,  the  poiaoa  which, 
is  washed  from  the  plant  by  the  water  would,  in  like  manner,  cause  very  aerious 
disease. 

The  anatomical  difference  between  the  lymphatie^and  secsetive  variety  of  hanB  iir,  thst 
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in  the  latter  there  is  a  bulgmg  at  the  free  end  (Fig.  112,3),  or  iinmediatel7  below 

the  hard  sharp-pointed  apex  (Fig.  112,  e),  which  co  mmunicates  with 

the  other  cells  of  the  hair,  or  at  the  base  of  the  hair,  and  contains  a 

poisonous  juice.     Whenever  such  a  hair  is  seized  the  sharp  point 

enters  the  skin,  and  the  end  breaks  off  immediately  below  the  point, 

and  the  contained  fluid  is  emitted  with  a  great  impetus  into  the 

wound  produced  by  the  puncture.    The  juice  in  the  perfect  hair  is 

maintained  at  a  high  state  of  tension,  so  that  it  may  be  emitted  with 

violence,  after  the  fashion  of  the  poison  in  the  poison-fanga.  of  the 

serpent. 

It  will  be  inferred,  from  these  remarks,  that  there  must  be  a  circu. 
lation  of  the  sap  in  all  kinds  of  hairs.     Such  is  the  case ;  and  the 
circulation  proceeds  in  currents  from  the  base  to  the  apex  of  the  leaf 
and  back  again  (Fig.  115,  B).     It  may  be  seen  proceeding  under  the 
microscope  in  the  Tradeseantia  virginica,  and  appears  to  proceed 
between  an  internal  and  an  external  wall  of  tissue.    At  a  certain 
period,  a  cytoblaat  (page  9)  may  be  detected,  and  then  the  current 
appears  to  proceed  from  and  return  to  it. 
When  the  hair  has  emitted  its  contents  it 
shriyels,  and  in  some  instances  (Fig.  115) 
retracts  like  the  parts  of  a  pocket-telescope. 
Hairs  are  not  found  upon  roots,  nor  upon 
any  part  of  the  plant  which  is  buried  in  the 
ground  or  covered  by  water ;  and  whenever 
tbey  appear  on.  one  side  of  a  leaf,  it  is,  iri&L 
few  exceptions,  on  the  under  aide.    When  a 
portion  only  of  any  surfEu^e  is  covered  by 
them^  it  is  uniformly  tho  ribs  or  veins.  They 
are  sometimes  found  within  the  cells  of  water 
plants,  as  of  the  white  and  yellow  water-lilies, 
Xympfuea  aiba  and  Nuphar  luteum.    Their 
functions  appear  to  be  that  of  promoting 
perspiration  and  of  absorbing  moisture,  inde- 
pendently of  that  of  secreting  fluids. 

Hairy  siudGaces  have  reoeived  various 
names,  according  to  the  nature  of  the  hairs  which,  cover  them,  as  roughs  silky,  arachnoid 
[res^nbing  a  cobweb),,  ttellaie^  beanM.  The  hairs  themselves  are  also  variously  desig- 
nated ;  thua,  atittgs  whea  they  emit  an  aerid  juioe,  and  glandtUar  hairs  when  the  end  is 
tipped  with  a  fluid  exudation  (Fig.  112  b).  Sooksy  barbs,  bristles,  and  velvet  are  terms 
which  explain  th«mflelves.  GiUa  are  long  and  sparse  hairs,  arramged  in  a  row  on  the 
margiu,  as  in  the  horse-leek,  Stmpwvwwn  tsotorwn.  ff airiness  expresses  a  form  of  hair 
of  a  rather  kmg  and  soft  chaneier,  as  seen  in  the  common  hentp  nettle  (Oaleopsis 
tetrahit) ;  pUosiiy,  When  the  hairs  are  longer  and  more  erect,  as  in  the  carrot  {Daucm 
carota) ;  and  vMms,  when  very  long,  stcai^^  erect,  and  #o£t,  as  in  the  JEpHobium, 
The  teon  tommOun  expresses  a  mass  of  hairs  entan^ed  and  closely  pressed  to 
the  skin^  aa  ia  the  Oeramum  rotmuUfoHum,  The  longest  hairs  are  probably 
those  which  envelop  the  cotton  seed  {Qoasypwm,  Fig.  62,  B),  and  oonstituto 
the  eetton  of  eommeroe.     They  are  aiso  very  long  on  seeds  of  the  cotton  tree^ 


Fig.  115.— Stinging  Haira. 

A,  1,  club-shtqped  hair,  filled  with  the  poitoa* 
ous  secretions  of  the  Stinking  Hellehore 
[Hellehortu  foftidus).  2,  a  similar 
hair,  which  haa  discharged  its  contents, 
and  then  collapsed. 

B,  pointed  one-celled  hair  of  the  Wioandia 
U&Birs,  filled  with  poison.  The  dotted 
lines  show  the  current  of  the  circulation, 
and  the  arrows  its  direction. 
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and  in  the  willows  of  our  own  country.    On  ferns  they  are  scattered,  lone,  brown, 
and  entangled. 


Fig.  116. 


Fig.  117. 


Fig.  116.— Two  hairs  from  the  style  of  a  Cahpanula,  showing  in  a  the  circulation  proceeding,  and 
in  b  emptied  of  its  contents.    The  latter  is  not  only  collapsed,  but  retracted  within  itself. 

Fig.  117 — Representing  the  mode  of  growth  of  hairs  from  a  single  epidermal  cell ;  a,  club-shaped ; 
bf  pointed.    Both  from  the  Evening  Primrose  (iBNOTHKBAB). 

The  development  of  hairs  appears  to  be  usually  a  very  simple  process,  being  none 
other  than  the  inordinate  growth  of  a  cell  of  the  cuticle  on  its  free  surface.  Such  is 
figured  by  Schleiden  (Fig.  11 7). 

FricJcUs  are  hard  unyielding  processes,  with  an  acute  and  usually  slightly  curved 
extremity,  well  fitted  to  hold  and  tear  any  object  which  may  be  carried  against  them. 
They  arc  very  common  in  the  rose  {Rosa),  and  bramble  {Ritbua),  in  which  plants  they 
are  the  growth  of  a  single  year.    In  other  plants,  as  the  Xanthoxylum  juglandifoliumj 
they  are  the  result  of  two  or  three  years'  growth.     They  are  essentially  allied  to  hairs, 
since  they  are  cellular  prolongations  of  the  cuticle,  but  differ  greatly  from  them  in 
their  far  greater  development,  the  rudeness  of  their  texture,  and  the  functions  which 
they  perform.    They  have  also  a  less  real  but  a  greater  apparent  resemblance  to  spines, 
as  of  the  sloe  tree  (Frunus  spinosa),  inasmuch  as  both  are  large  and  rude,  and  sharply 
pointed ;  but  there  is  this  essential  dissimilarity— i;tis.,  that  the  spine  is  a  prolongation 
of  the  wood  of  the  tree  (in  other  words,  an  abortive  branch),  whilst  the  latter  is  simply 
connected  with  the  cuticle  or  the  epiphloum  of  the  bark  of  herbaceous  shrubs.    Their 
use  is  not  well  known ;  but  they  are  not  depositories  or  secretions,  neither  have  they 
any  independent  circulation.    They  are  well  adapted  to  enable  the  long  and  slender 
branch  to  support  itself  by  attachment  to  stronger  plants,  and  also  (if  we  may  apply 
such  an  expression  to  a  mere  vegetable),  to  enable  it  to  defend  itself  from  the  attacks  of 
animals.    They  may  be  ^tached  from  the  cutis  by  the  force  of  the  thumb  and  finger. 

Scuzf  has  been  regarded  as  a  production  analogous  to  hairs,  inasmuch  as  it  is  a 
cellular  structure  and  is  a  process  from  the  cutis.  There,  however,  the  analogy  ends, 
and  it  fails  in  the  most  essential  point— vts.,  a  similarity  in  function.  It  consists  of 
scales  of  various  forms  and  sizes,  adhering  to  the  cutis  by  the  whole  or  only  a  part  of 
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the  suriace ;  and  when  by  a  part  only,  it  is  the  central  portion ;  and  the  edges  become 
irregular  in  outline  and  crenate.  This  latter  peculiarity  has  induced  a  belief  in  the 
mind  of  an  acute  obseryer,  Dr.  Willahire,  that  the  crenate  scale  in  the  Adelia  and  the 
Ele<taffnus  marks  a  transition  from  the  simple  scale  to  the  beautiful  stellate  hairs  of 
which  we  have  just  spoken,  p.  65.  Scurf  is  commonly  met  with  in  plants,  and  gives 
a  spotted  or  leprous  api>earance  to  the  cutis,  as  may  be  seen  in  the  pine  apple. 

Bamenta  are  thin  scales  abundantly  found  on  the  backs  of  the  leaves  of  ferns 
{JUiees)y  and  on  the  young  shoots  of  many  plants.  They  are  slightly  foliaceous  in 
their  appearance,  and  not  unlike  the  leaves^of  some  mosses ;  but  they  want  the  structure, 
the  position,  and  the  leaf-buds  of  true  leaves.  Their  fimction,  as  well  as  that  of  scurf, 
is  unknown^ 

Glands. — Wo  have  now  to  consider  a  series  of  organs  about  which  there  has  been 
much  controversy— one  party  regarding  them  as  remains  of  secretions  and  true  secreting 
organs ;  and  another  (represented  by  M.  Schleiden),  doubting  if  such  organs  can  be 
found  in  vegetables.  M.  Schleiden  writes :  "  I  have  already  remarked  that  I  can 
connect  no  precise  and  definite  idea  with  the  term  gland,  as  referred  to  a  plant.  No 
attentive  observer  can  avoid  seeing  how  different  is  life  in  different  cells,  whether  they 
are  found  in  different  plants  or  in  the  same  plant,  or  near  each  other.  It  appears  to 
me  quite  fooUsh  to  denominate  that  cell' or  that  group  of  cells  which  contains  different 
matter  J&om  its  neighbours  a  gland  or  organ  for  secretions;  for  there  are  many  plants 
and  parts  of  plants  which  would  then  consist  only  of  glands.  It  is  ridiculous  to  call  a 
cell  containing  volatile  oil  a  gland,  and  to  refuse  the  name  to  one  that  contains  red  or 
yellow  colouring  matter ;  and  should  we  call  the  last  glands,  then  almost  all  petals 
would  consist  only  of  glands.  The  epidermis  would  be  sometimes  an  epidermis,  but 
sometimes  a  glandular  surface,  and  with  many  single  cells  we  should  have  to  admit 
they  are  partially  glands  and  partially  not  so." 

The  force  of  this  reasoning  will  be  perceived  when  we  remember  that  all  cells  have 
contents,  and  that  these  contents  have  been  secreted  or  produced  within  the  same  cell. 
Each  cell  is  therefore  both  a  secreting  and  a  containing  organ.  Again,  there  is  no 
anatomical  st^cture  in  vegetables  which  is  peculiar  to  these  organs  called  glands,  as 
dis^ct  from  mere  ordinary  cells  of  cellular  tissue.  In  animals,  on  the  contrary,  there 
is  in  most  instances  a  special  glandular  structure,  and  beyond  this  there  is  a  series  of 
cells  called  epithelium,  to  which  is  confided  the  duty  of  producing  the  larger  part  of 
the  secretions  of  the  body.  These  latter  offer  the  nearest  points  of  analogy  to  the 
glandular  structures  of  vegetables. 

Bat  whilst  admitting  that  there  is  a  difficulty  in  defining  a  gland,  there  cannot  be  a 
doubt  as  to  the  existence  of  certain  small  hardened  masses  of  cells,  which  perform  the 
office  of  glands.  Thus  the  nectarium,  on  the  claw  of  the  petal  of  the  common  Bammculus, 
secretes  a  sweet  honey-like  substance,  and  is  a  true  gland.  So,  also, with  the  glands  situate 
beneath  the  cuticle,  also  the  base  of  the  pitchers  of  tho  Nepenthes  and  other  pitcher 
plants.  These  pitchers  contain  a  considerable  quantity  of  water,  not  from  having  col- 
lected it  from  the  air,  but  from  the  action  of  the  glands  referred  to.  In  the  latter 
instance  there  is  a  broad  line  of  distinction  between  such  bodies  or  glands  and  that  of 
an  ordinary  secreting  cell ;  for  whilst  in  the  latter  case  the  secreted  matter  is  retained 
within  the  cell,  and  the  quantity  corresponds  with  the  size  of  the  cell,  in  the  former 
the  secretion  is  altogether  emitted  from  the  gland,  and  its  quantity  is  infinitely  greater 
than  the  sixe  of  the  organ  which  produced  it.  The  subject  is,  however,  involved  in 
great  obscurity,  and  it  is  probable  that  ere  long  it  will  be  necessary  to  exclude  such 
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oelhilar  orgaHS  as  ibt  lenticular  glands  of  the  willoir,  and  to  iaelflde  such  resCTVons  -as 
flie  vittae  or  receptacles  of  the  volatile  oils  of  plants. 

Glands  are  sessile  or  sittiag  vhen  restiDg  immediately  upon  the  cutis,  «8  may  he 
seen  near  the  hase  of  the  ovary  t)r  seed-vessel  of  such  pod-hearing  plants  as  tiie  Crwed- 
ferae.  They  are  also  fonnd  upon  the  calyx  of  some  campamdas,  and  lapon  the  -peffae^e 
or  foot-stalk  of  the  leaves  of  the  peach,  Ae  cassias,  and  the  pasaon  flower.  Their 
forms,  colour,  and  appearance  are  very  various,  and  of  many  it  may  he  donktad  if  they 
are  true  glands. 

Stalked  glands  (Fig.  118),  are  such  as  are  elevated  from  Ae  otfticle  by  someOaag 
in  the  nature  of  a  hair,  and  are  simple  if  they  consist  of  one  or  perhaps  mosB  oells  a&d 
have  a  stalk  of  hut  one  conduit  and  compound  where  there  are  several  cells  and  80T>eral 
conduits.  This  division  of  glands  has  been  termed  indifferently  stalked  glands  or 
glandular  hairs.  They  are  common  in  the  rose  and  brambles,  liie  Hypericmns,  the  Rne, 
the  Tatropha,  the  Snapdragon  {Antirrhinim),  the  Lysimachis,  tiie  Drosera  orsnn-dew, 
and  many  other  plants.  In  the  sun-dew  the  hair  of  the  leaf  has  an  internal  fibre,  and  is 
therefore  a  fibre  ceU ;  and  the  gland  head  consists  of  several  layers  of  cells,  the  outefr 
ones  being  small  and  cuticular,  whilst  the  inner  ones  axe  long  and  columnar,  and  some- 
times contain  a  spinal  fibre. 

Before  proceeding  to  a  consideration  of  the  stems  of  wooded  plants  we  wffl  direct 
attention  to  two  modifications  which  are  met  with,  not  exclusively,  but  chiefly,  in 
herbaceous  plants— p/s.,  first  an  enlargement  of  that  part  which  is  under  ground,  and 
which  lies  between  the  roots  or  rootlets  below,  and  the  true  stem  above ;  and  secondly, 
such  stems  as  take  a  horizontal  rather  than  a  perpendicular  course  above  ground.  These 
are  termed  respectively  subterranean  and  aerial  stems. 

Subterranean  stems,  as  the  potato,  onion,  and  turnip,  include  almost  all  the  recep- 
tacles of  starch,  except  seeds,  provided  for  the  use  of  man.  There  can  be  no  doubt  as 
to  their  analogies,  seeing  that  they  do  not  possess  the  anatomical  and  physio- 
logical properties  of  roots,  and  do,  notwithstanding  their  deformity,  resemble  stems. 
They  are  commonly  arranged  under  four  heads — ^the  bulb,  corm,  tuber,  and  creeping 
stem. 

The  creeping  9tem  {sodoles),  nnlikethe  others  is  unimportant  as  an  article  of  food,  but 

yet  is  of  great  value  firom  the  property  which 
it  has  of  insinuating  itself  rapidly  amongst 
the  sfmdy  particles  of  loose  sails,  and  binding 
them  together.  It  may  thus  lay  Hie  {<madsia.oDL 
of  hillfl  of  sand  which  shall  suffice  to  resist  the 
encroachmeats  of  the  sea.  It  is  represented  by 
the  coudh  grass  {Triticum  repens),  the  bane  of 
farmers,  not  'only  from  liie  jiroperty  above 
mentioned,  but  from  the  rapidity  with  whioiL  it 
multiplies  itself  wheneTer  tiie  stem  is  bi»ken 
by  the  fiunners'  efforts  to  clear  the  land, 
^f  ii\ol5?^r»'*JS^Lt'^i  t  The  tuber  or  potato  is  an  ixregukriy  ovoid 

taber,  a,  contoining  starch,  and  marked      enlttrgemcntof  the  stem,  having  «pon  its  sosrfaee 

by  growing  points  connected  together         -^^    o  j»  ^-t    i     «. j 

by  smaU  bradlcs  of  fibre,  h,  a  ntimbcr  of  gwwiag  pwnte,  famiharly  tearmed 

eyes.  1%0  tubers  of  the  same  plant  are  afi  con- 

«eeted  togother  and  to  the  pamnt  stem  by 

single  bands  of  small  diameter,  consisting  chiefly  of  woody  ^bre  for  the  pmyweg  off  Ae 

Digitized  by  ^OOQIC 


THE  CORM  AND  THE  BULB  OF  PLANTS. 


71 


circu}ati(m  of  liie  plant.  The  precise  mode  in  which  the  tnber  enlarges  is  unknown ; 
but  it  is  quite  dear  that  it  must  be  freely  suppHed  with  circulating  juices  from  1ih© 
stem.  This  is  effected  by  the  woody  fibre,  and  bimdles  of  it  ramify  within  the  tuber, 
and  pass  to  each  growing  point. 

The  structure  of  the  tuber  is  very  simple,  being  only  a  large  mass  of  cells  containing 
starc^  inclosed  in  a  layer  of  condensed  cells  or  cuticle.  The  woody  fibre  and  other 
structures  bear  no  proportion  whatever  to  the  cellular  tissue,  and  are  not  readily  de- 
tached. The  celhilar  character  is  at  once  evident  by  placing  a  very  thin  slice  of  it  under 
the  microscope,  when  a  number  of  straight  lines  will  be  observed  forming  cells  of  much 
regulaiity,  and  inclosing  a  large  number  of  starch  cells  (Fig.  83).  The  starch  may  be 
demonstrated  by  the  addition  of  a  watery  solution  of  iodine  whilst  the  section  is  under 
examination,  when  a  beautiful  violet  colour  wiU  be  instantly  .pw>duced. 

This  form  of  stem  is  also  found  in  arrow-root,  and  has  a  more  regular  figure  in  the 
a^aragus  potato. 

The  Corniy  as  in  the  crocus,  colchicum, 
\'  /     .  j        and  arum  (Fig.  119),  is  a  rounded,  flattened, 

solid  organ,  bearing  a  bud  upon  its  point  or 

at  its  side,  and  leaves  from  its  upper  part. 

It  is  a  compressed  stem,  and  is  restricted  to 

monocotyledonous   plants,    and    intervenes 

between  the  true  roots  and  the  reproductive 

buds.     It   usually  contains   much   starch, 

accompanied  j^  an  acrid  poisonous  secretion, 

which  militates  against  its  employment  as 

an  MTtide  of  food, 

llie  bulk^  as  of  t^  cnion  and  Hly,  is  also 

an  imdergroand  stem,  or  a  stem  in  the  rudimentary  state  of  a 

leaf-bud.     It  is  a  fleshy,  conical  body,  with  scales  surrounding 


Fig.  119.— The  Cor- 
m\a  of  the  Arum 
Maoulatuh,  con- 
tainmg  starch. 


Rg.  120.— A  tuni- 
cated  balb»  mth 
stem  and  roots. 


Fig.  121. 

A,  naked  bulb  of  Lilt,  showing  its  lateral  stem  and  follaceoiis  oovertog. 

B,  section  of  a  bulb,  abowlng  its  growing  point  at «, 


Digitized  by  ^OOQIC 


72 


AERIAL  STEMS. 


a  growing  point,  and  emitting  roots  from  its  base,  and  thus  theoretically  resembles  the 

leaf-bud  of  an  aerial  stem.    It  reproduces  itself  by  developing  buds,  or  cloves,  at  the 

base  of  its  leaves  or  scales, 
which  buds  grow  at  the  ex- 
pense of  the  parent  plant,  and 
at  length  destroy  it.  There  are 
two  kinds,  according  to  the 
arrangement  of  the  leaves  : 
First,  the  tunieaied  (Fig.  120), 
when  they  more  or  less  sur- 
round the  whole  organ,  and 
cohere  in  a  membranous  sheet 
of  tis^e.  Such  is  the  case 
in  the  onion  {allium).  Secondly, 
\  the  nakedy  when  the  scales  arc 

Fig.  122.— The  Runner,  emitting  roots  and  leaves  at  intervals,    smaller  and  more  fleshy,  and 

are  imbricated  in   rowsj  one 

above  another,  as  in  the  tulip.    Both  of  these  forms  contain  much  starch  (Fig.  121), 

and  also  many  raphides  (Fig.  87). 

They  are  not  so  exclusively  com- 
posed of  cellular  tissue  as  was 

noticed  in  the  structure  of  the 

tuber ;  but  also  contain  vascular 

and  woody  structures. 

Aerial  Stems  are  of  five  kinds, 

the  Sucker,  the  Vine,  the  Eoot- 

stock,  the  Runner,  the  Ofl&et,  and 

the  Pseudo-bulbs  of  orchidaceous 

plants. 

ITie  Sucker  is  common  in  mo- 

nocotyledonous    plants,    as   the 

pine-apple,    and    consists    of   a 

branch  proceeding  from  the  col- 

lum    of   a   plant   underground, 

which  becomes  erect  and  bears 

leaves,   and  subsequently  emits 

roots  from  its  base.     In  other 

instances  it  proceeds  from  the 

stem  downwards  to  the    earth, 

and  there  takes  root. 

The  Vine,  as  in  the  Vine  ( Ft- 

tis     vinifera)      and     Cucumber 

{Cueumia),  is  a  slender  twining 

stem,which  situates  itself  amongst 

and  adheres  to  other  plants  for 

support.     It  does  not  give  off 

roots  along  its  course. 

The  Runner^  on  the  other  hand,  is  also  a  creeping  stem ;  but  it  emits  a  bundld'  of 


Fig.  123.— The  Ginoeb  plant  {Zingiber  officinale)^  irith 
its  rhizome,  from  vrhich  the  leuves  and  flowers  spring. 
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Fig.  124.— The  tabers,  or  pseudo-bulbs, 
of  the  Spider  orchis. 


roots  and  leaves  at  intervals,  and,  in  fact,  forms  new  plants  (Fig.  122).      Such  is  the 
Strawberry  (Froffaria). 

The  Of  set,  as  in  the  House-leek  {Sempervivum 
teciorum),  is  a  short  branch  terminated  by  a  cluster 
of  leaves,  and  capable  of  independent  existence 
after  separation  from  the  parent  plant. 

The  EooUtocky  or  rhizome,  is  a  thickened  root- 
>  ing  stem,  as  in  the  Ginger  (Fig.  123),  and  Ins, 
I  which  produce  young  branches  or  plants  yearly. 

Tlie  Fseudo 'bulbs  of  orchadaceous  plants  (Fig. 
I  124)  very  closely  resemble  tubers,  except  that  they 
I  retain  the  marks  of  leaves  which  they  once  bore. 
i  They  exist  above  ground,  and  contain  amorphous 
i  staich. 

I      Wooded  Stems.— Having  now  offered  such  remarks  on  herbaceous  stems  (dis- 
tinguished from  woody  stems)  as  seemed  to  be  required  by  their  greater  delicacy,  we 

proceed  to  describe  woody 
'.U^T"-^'  ,  /.  stems  and  their  appendages. 

''[^'^■^■^>  When  treating  of  the  mo- 

difications of  herbaceous 
stems  (page  59),  we  inti- 
mated that  such  changes 
also  affected  woody  stems, 
but  in  a  lesser  degree,  and 
shall  therefore  not  again  re- 
fer to  them  Under  this  head. 
There  are,  however,  a  few 
preliminary  remarks  which 
are  necessary  as  to  the 
general  conformation  of  the 
tree  before  we  enter  upon 
an  examination  of  the  in- 
ternal structure. 

The  general  divisions  of 
a  stem  are  called  branches 
(rami),  and  the  arrangement 
of  them  as  a  whole  is  termed 
corona,  a  head,  as  that  of 
a  forest  tree.  (Figs.  125, 
126.)  When  they  pro- 
ceed from  either  side  of  the 
stem,  and  then  pass  from  the 
base  to  the  apex  of  the  tree, 
it  is  called  a  cattlis  excurrens; 
but  when  the  stems  break 
lip  into  a  mass  of  branches,  it  is  known  as  a  eatdis  deliquescens.  Incompletely  grown 
shoots  are  termed  innovations,  and  ramfdi,  or  twigs,  when  very  young.  If  the  shoot  is 
long  and  flexible,  it  is  called  a  vimen  ;  and  when  it  proceeds  from  the  stem  at  nearly  a 


ig.  125.— The  Beech  T&xk  {Fagus),  showing  the  corona,  or  head, 
of  forest  trees. 
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j  right  angle,  it  i&  called  braehiate.  This  arrangement  of  the  branches  is  further  used 
I  to  distinguish  trees,  shrubs,  and  herbs.  A  tree  {arbor)  is  composed  of  a  tnmk  supporting 
j  perennial  branches ;  and,  when  small,  it  is  called  arhusmluB.  A  shrub  differs  from,  a 
tree  in  there  being  no  central  stem  or  tnrnk,  Irat  the  brsnt^hed  proceed  directly  from 
the  earth.  This  is  called  frutex  frutictdus  -when  small,  and  dumostts  when  low.  The 
undershrub  (mi^frutex)  has  the  same  arrangement  of  branches ;  but  it  approaches 
nearer  to  the  herb,  since  it  wholly  or  partially  dies  annually.  It  has,  however, 
wooded  branches,  and  not  merely  or  chiefly  cellular  ones.  The  stem  of  a  forest  tree,  and 
of  any  other  which  has  not  its  growth  terminated  by  a  flower-bud,  or  any  oilier  oiganic 
cause,  is  said  to  be  indeterminate,  and  determinate  when  otherwise. 


Fig.  126.— Representing  a  yariet^'  of  trees,  aSl  «ff  exogenous  growth. 

The  science  of  Botany  is  ridi  in  descriptiye  terms ;  and  although  ^k&y  may  be 
disagreeable  to  a  student,  are  very  welcome  to  the  botaaist  who  would  intelligibly 
describe  a  plant.  We  must  therefore  coimsel  our  readers  not  to  pass  them  hastily  by, 
but  to  read  them  attentively,  and,  if  possible,  commit  them  to  memory. 

Wooded  Stems  are  divided  into  two  great  and  well-defined  classes,  according  to  their 
internal  conformation — viz.,  such  as  grow  from  without  (exogenoufi),  and  such  as  enlarge 
from  within  (endogenous).  The  former  are  more  common  in  cold,  and  the  latter  in  hot 
climates.     There  are,  however,  the  following  points  of  resemblance : — Each  hns  a 
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oalhilfir  basis  ticrough  whidi  tbe  boacUeB  of  wood  psas,  and  each  is  inclosed  by  a  cvtide 

or  hmek  (sBdsgoBs  are  said  to  ha^e  ao  bark).     The  cellular  system  is  harizoaart;al,  and 

ouustituto  the  woof  of  Hie  struetmre  ;  whilst  the  yascnlar  and  woody  system  isloagi- 

tiidiiial,  and  oatresponds  to  the  waip. 

rwgiiniwui  Staaui. — On  examining  a  section  of  the  stem  of  an  oalc,  or  any  other 

of  onxr  forest  trees  (Fig.  127),  we  obserre  the  following  parts— first,  the  pith,  a,  or  its 

remains,  in  the  oentre;  secondly.  Hie 

baric,  </,  on  tiie  outside;  thirdly,  amass 

of  wood,  b,  between,  tbe  two,  broken 

1^  into  portions  by  the  ooneentric 

deposition  of  its  layers,  and  by  a 

series  of  lines  or  rays,  c,  which  pass 

from  the  centre  to  the  circumference. 

Thus  there  are  always  pith,  bark, 

wood,  and  medullary  rays  (Fig.  127).      ^^mgB^mgg^      »  i 

It  has  already  been  mentioned  that        ^^^^^^^^^ 

each  stem  has  two  systems,  the  cellu-  Fig.  127. 

lar  and  the  yascnlar ;  and  the  parts    a,  trans^vrse,  and  B  perpendicular  section  cf  an  exo- 

inst  mentioned  mnst  belomr  to  one       ^^^^^^  stem,  fhowingparts  of  wWch  it  is  composed. 

juoi,  «icixwwi«;«  ^u»b  ^^\S,         ,       AT,  the  central  pith ;  ft,  four  layers  of  woody  fibre  ;  c,  the 

or  ouier  of  those  systems.     Thus  the       ounbium  in  the  spring ;  d^  the  bark ;  «,  the  medullary 

pith,  medullary  rays,  and  bark  belong      ^^^^ 

to  the  koiizontal  or  cellular  system^  and  the  wood,  with  its  associated  ducts,  constitutes 

the  longitadinal  or  vascular  system. 

Tli-U  diTiaion  of  stems  compr^iends  nearly  every  wooded  plant  of  our  climate. 
The  li^  occupies  the  centre  of  the  stem  (Fig.  128,  a),  and  remains  throughout  the 

period  of  growth  of  some  trees,  as  of  the  elder 
{Sambucm  nigra),  or  is  absorbed  after  a  few  years, 
as  in  the  oak  and  almost  all  large  trees.  In  the 
latter  class  of  plants  there  are  some  remains  of 
the  pith  for  many  years  after  the  process  of  ab- 
sorption has  commenced ;  but  at  length  no  vestige 
can  be  detected,  and  its  position  is  known  only 
by  the  central  spot  around 
which  the  wood  is  placed 
in  circles.  Itisjhowever, 
at  this  period  found  in 
young  shoots  just  as  it 
was  at  the  earliest  mo- 
ment of  the  formation  of 
the  plant  (Fig.  129). 

When  it  exists,  it  passes 
^untemiptcdly  from  the  '^•fi^tVrir/.T.°.l 
root  to  the  end  of  each      [Acer  oampettre),  show- 

branch  and  leaf-bud ;  but  is  sometimes  thickened,  and  rendered 

more  dense,  as  in  t^e  ash,  at  the  nodes — ^the  place,  indeed, 

where  all  the  structures  are  somewhat  compressed. 

Its  stmetore  is  at  all  times  cellular;  and,  for  the  most 

part,  the  eells  are  hexagonal  in  fonn,  as  shown  in  Fig.  11, 


Fig.  138.. 


-A  flchene  of  the  parts  of  an 
exogenous  stem. 


a,  the.  pith ;  5,  the  bark ;  c,  medullary 
rays  uniting  the  pith  and  the  bark 
(fnreatlj  exaggerated) ;  d,  woody 
fibre. 


ing  tiie  large  size  of  the 
pith,  a;  the  bundles  of 
wood  of  one  year's  growth, 
and  the  bark  with  its 
hain. 


The  cells  are  commonly 
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Fig.  130.— Chambered  pith  in  the  Walnut. 


of  large  size,  and  may  be  well  examined  in  the  pith  of  the  elder.  Their  colour  is 
green  whilst  they  freely  perform  their  function ;  but  subsequently  the  tissue  is  nearly 
colourless.    In  the  old  age  of  the  plant  the  pith  often  assumes  a  colour  which  it  has 

obtained  from'the  juices  which  hare  been 
deposited  within  it.  In  a  majority  of 
instances  the  pith  forms  a  solid  cylindrical 
mass ;  but  in  certain  fast-growing  plants, 
as  in  the  hollow  stems  of  the  VmbelH^ 
feray  it  is  torn,  and  vacuities  are  left. 
In  a  few  plants  the  ruptured  pith  assumes 
a  very  regular  form,  and  is  thence  termed  chambered  pith,  since  it  is  divided  into  a 
series  of  compartments  which  pass  across  the  column  in  small  stems.  Such  is  the  case 
in  the  walnut  (Fig.  130),  as  may  be  readily  seen  by  selecting  a  very  young  shoot  and 
slicing  away  a  portion  of  one  or  both  sides.  According  to  the  researches  of  Professor 
Morrison  this  change  depends  upon  the  lateral  elongation  of  the  cells,  and  the  conse- 
quent disappearance  of  the  contents  of  the  cells,  and  is  induced  immediately  by  the 
absorbing  action  of  the  leaf-bud. 

The  connexions  of  the  pith  are  highly  important,  and  demand  special  enumeration. 
It  has  already  been  intimated  that  it  does  not  exist  in  the  root,  at  least,  of  tolerably 
grown  plants,  and  therefore  its  functions  are  confined  to  the  stem.  First.  It  is  in 
direct  and  unbroken  connexion  with  every  branch,  leaf^  bud,  and  flower,  and  is  the 
structure  which  first  conveys  fluids  to,  and  receives  fluids  from,  the  newly-developed 
leaf.  It  thence  becomes  the  main  organ  of  nutriment ;  and,  at  the  same  time,  the  chief 
depository  of  the  secretions.  Secondly.  It  is  in  equally  direct  and  imbroken  connex- 
ion with  the  bark,  through  the  medium  of  the  medullary  rays ;  and  thus  becomes  the 
centre  of  all  the  movements  of  sap  which  proceed  in  the  horizontal  system ; — it  is  that 
system  which  more  especially  presides  over  the  Hfe  of  the  plant. 

The  mode  in  which  its  ultimate  disappearance  occurs  has  been  a  matter  of  doubt 
and  speculation.  It  seems  quite  clear  that  it  is  not  converted  into  wood,  as  was  asserted 
by  Mirbel,  and  there  are  certain  facts  which  militate  against  the  opinion  that  it  is 
gradually  compressed  by  the  wood ;  but  since  it  is  known  that  in  the  growth  of  the 
plant  much  compression  of  the  previously  formed  wood  must  occur,  and  since  this 
compression  is  a  reasonable  theory  by  which  to  account  for  the  disappearance  of  the 
less  resisting  pith,  it  is  now  pretty  generally  admitted  to  be  at  least  one  of  the  causes 
of  this  occurrence. 

As  a  general  rule,  the  pith,  so  long  as  it  exists,  is  not  mingled  with  other  than 
cellular  structures ;  but,  in  a  few  instances,  woody  fibre  has  been  found  with  it ;  and 
in  others,  as  Nepenthes,  spiral  vessels  have  been  detected. 

The  economic  uses  of  pith  have  not  been  nimierous,  but  amongst  them  must  be 
mentioned  the  rice-paper  used  in  China,  and  prepared  by  Kieimg ;  the  pith  of  tlie 
-Eschynomene  (Fig.  48),  and  the  Aralia  papyrifera,  in  a  circidar  manner,  so  as  to  obtain 
large,  thin,  and  evenly  cut  sheets.  It  is  used  for  drawing  and  for  writing.  The 
cellular  pith-Uke  stems  of  the  JSschynomene  aspera,  called  "shola,"  have  been  forwarded 
to  this  country  from  India,  and  have  been  made  into  various  ornaments,  models  of 
buildings,  hats,  boxes,  and  life-buoys.  Its  lightness,  and  non-conducting  property  of 
heat,  render  it  very  fitted  for  the  manufacture  of  hats. 

Medullary  Sheath. — Immediately  surrounding  the  pith  of  all  exogenous  plants 
there  is  a  layer  of  vascular  tissue,  which  has  received  the  name  of  medullary  sheatli 
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(Fig.  128).  This  aheatb.  has  no  special  walls,  but  is  simply  bounded  by  the  pith  on  the 
inner,  and  by  the  wood  (when  it  exists)  on  the  outer  side.  It  is  in  this  situation  that 
we  may  find  ducts  of  various  kinds,  and  spiral  vessels;  and  in  all  cases  it  conveys  the 
Tascular  structure  from  the  root  direct  to  each  leaf  and  flower.  The  integrity  of  this 
structure  is  therefore  highly  necessary  to  the  life  of  the  plant.  It  is  said  to  retain  its 
green  colour  to  the  latest  period  of  the  existence  of  the  plant;  thus  showing  the  impor- 
tance of  the  functions  assigned  to  it. 

Uedvllavy  &ays.~These  structures  come  next  in  order ;  and,  as  has  been  already 
intimated,  belong  to  the  horizontal  cellular  system  of  the  stem.  They  constitute  the 
channels  of  communication  between  the  bark  and  pith,^and  ore  composed  of  a  series  of 
c^  walls,  of  single  muriform  cells  resting  upon  the  root,  and  pro- 

ceeding to  the  apex  of  the  tree,  and  radiating  from  the  centre. 
They  lie  between  the  wedge-like  blocks  of  wood,  and,  as 
they  have  a  lighter  colour  than  the  wood,  they  are  evident 
on  a  section  of  any  stem,  and;|are  called  the  silver  grain 
(Fig.  131).  Their  colour  and  number  suffice  to  enable  us  to 
distinguish  various  kinds  of  wood,  and  greatly  increases  their 
beauty.  They  cannot,  of  course,  exist  before  the  wood  is 
of  an  ex^^CTour  stl^  formed,  and  are  therefore  not  met  with  in  the  earliest  condi- 
across  the  medullary  tion  of  the  plant.  They  begin  to  exist  with  the  first  deposited 
rays,  showing  their  open    ,  ^jjI-x  xji  j.  j. 

eharacter  and  their  rela.  layer  of  wood,  and  contmue  to  grow  outwardly,  or  nearest  to 

^i!.?°5^L^^^.***^^^^°**^*   ^©  bark,  so  long  as  the  wood  continues  to  bo  deposited, 
a.  Dotted  duct.  —^     «     ^       i     ^,  ,  „  ^        .     f   •    xi.    v     i 

i.  Woody  fibre.  The  Bark.— As  the  medullary  rays  tcrmmate  m  the  bark 

c.  End  of  medullary  rays,  qj^  ^^Ij^  ^^ter  side,  we  are  naturally  next  led  to  a  considera- 
tion of  that  structure.  It  forms  the  outer  covering — a  sheath  of  the  tree,  and,  in  some 
form  or  other  is  present  in  all  plants.  "When  discussiog  the  constitution  of  the  cuticle 
of  herbaceous  plants  we  explained  the  points  of  difference  between  the  two  varieties 
of  the  same  structure,  and  showed  that  the  rudeness  of  the  bark  of  wooded  trees  had 
destroyed  many  of  the  characters  of  the  cutis,  such  as  stomata  and  hairs.  We  have 
now  to  regard  it  as  a  dense  cellular  organ,  well  fitted  to  endure  the  influences  of  sea- 
sons through  a  long  series  of  years. 

It  may  anatomically  be  divided  into  two  structures — viz.,  an  outer  one,  which  is 
cellular,  and  an  inner  one,  which  is  vascular  or  woody.  The  former  is  sub-divisible 
into  three  parts,  whilst  the  latter  is  composed  of  several  layers  of  the  same  material, 
and  forms  a  link  between  the  wood  and  the  bark. 

The  three  divisions  of  the  cellular  part  are  the  Epidermis,  the  Epiphloeum,  and  the 


The  Epidermis  is  the  most  external  layer,  and  is  continuous  with  that  upon  the 
leayes.    Its  cells  are  flattened  and  lengthened,  and  but  very  rarely  possess  stomata. 

The  EpipKUsum  has  acquired  much  importance  from  the  fact  of  its  being  the  part  of 
the  hark  in  which  the  cork  is  deposited.  It  cracks  and  peels  off  at  intervals  in  almost 
all  trees.  In  the  birch  and  cherry  it  may  at  all  times  be  seen  hanging  from  the  stem 
in  silvery  shreds,  and  in  other  trees  as  rough  broken  patches.  In  the  cork  tree  {Q^fereus 
•wJer)  it  remains  flrm  until  the  tree  has  attained  a  certain  age,  after  which  it  exfoliates 
in  the  large  masses  in  which  it  is  brought  to  this  country.  It  is  probable  that  the 
deposition  of  cork  proceeds  in  aU;  trees  but  in  the  cork  tree  it  attains  so  great  a  thick- 
ness aa  to  become  a  highly  important  article  of  commerce. 

The  removal  of  the  cork  from  the  tree  is  not  left  to  natural  exfoliation;  but,  when 
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die  tFee  is  sufficiently  mature,  incisions  are  made  from  the  top  to  tiie  bottom  of  the 
stem,  80  that  the  coirk  may  be  more  quiekly  removed.  The  dieets  are  l&en  ^aoed 
upon  the  ground  to  flatten,  and  are  at  length  cut  np  into  conyenient  lengths  for  paeking. 
The  tree  will  permit  this  process  to  be  renewed  during  seven  or  eight  successive  years. 
The  oause  of  tine  exfoliation  has  not  well  been  determined.  It  certainly  does  not 
depend  upon  the  growth  of  the  tree,  as  though  the  increased  size  of  the  stem  caused 
the  bark  to  rupture  and  thence  to  fall  off;  but  it  is  said  that  a  layer  of  tabular  cells 
are  formed  witibin  it  which  cuts  off  its  communication  with  the  internal  structure  of 
the  stem,  and  thence  it  dies.  No  doubt  can  exist  as  to  the  fact  of  the  constant  destruc- 
tion of  the  old  bark  and  the  formation  of  new  struetures,  and  it  appears  to  arise  either 
from  the  death  of  the  external  layers  only,  or  from  the  formation  of  cork  on  the  inner- 
most layer  of  the  bark,  which  causes  an  arrest  of  the  circulation,  and  at  length  the 
death  of  the  more  external  parts. 

It  is  said  that  the  bark  of  exogens  is  much  more  extensible  than  that  of  endogens ; 
and  that,  as  a  consequence,  the  stems  of  the  former  exceed  in  diameter  those  a£  the 
latter.  But  the  £act  just  mentioned  seems  to  prove  that  in  fact  the  cellular  part  of  the 
bark  of  exogens  x>osse89e8  but  little  extensibility ;  for,  when  the  enlargement  of  the 
trunk  has  proceeded  but  even  to  a  moderate  extent,  the  bark  cracks  off  from  a  lack  of 
this  power  of  extension.  It  is  far  more  probable  that  the  increasing  size  of  the  zone 
of  bark  is  less  due  to  the  extensibility  of  the  old  bark  than  to  the  formation  of  new  cells 
year  by  year  as  the  stem  enlarges,  and  in  a  layer  at  all  times  proportioned  to  the  increasing 
size  of  the  stem — ^in  &ct,  that  the  old  coat  becomes  too  small,  and  rends,  and  a  new  one 
is  supplied  of  larger  dimensions.  It  is  quite  clear  that  the  external  layers,  after  rupture, 
either  peel  off,  or  the  width  of  the  rents  increases  as  the  tree  grows  larger. 

The  EpipKUeum  consists  of  several  layers  of  thin  flattened^  cells,  usually  withont 
colour. 

Thirdly,  the  Mesophlaum  is  a  thin  layer  of  green  cells  lining  the  epiphlaeum,  and,  in 
the  cork  tree,  exfoliating  with  it.  Its  cells  lie  in  a  direction  different  from  that  of  the 
ceUs  of  the  epiphlaeum,  and  sometimes  contain  cellular  secretions. 

The  vascular  part  of  the  bark  is  called  the  liber j  from  its  offering  a  smooth  enduring 
structure,  which  was  formerly  used  as  paper  {liber  a  book).      It  consists  of  several 

layers  of  small  interlaced  bundles  of  woody  fibre, 
connected  together  by  loose  cellular  tissue.   In  some 
trees,  as  the  lace  bark,  tree  {Lagetta  liuieariay  Fig. 
132),  it  resembles  a  textile  fabric,  and  may  be  ob- 
tained irom  the  tree  in  sheets  of  large  size.     The 
woody  fibre  of  the  Hber  has  always  the  peculiarity 
of  being  very  strong,  and  of  lying  in  small  bundles, 
and  has  been  used  as  cordage  by  most  nations.     It 
is  stiU  employed  in  Russia  in  the  'manufacture  of 
mats,  and  in  many  parts  of  the  world  for  whip- 
lashes.   It  is  not  equally  smooth  on  both  aspects ; 
since,  on  its  outer  side,  it  has  cellular  connexion 
Kg.  132.— Bark  of  the  Lace  Tree"  of      with  the  mesophlaeum,  but  on  its  inner  surface  it 
Jamaica,    composed  of  fine  amd       jg  opposed  to  the  smooth  wood,  or  is  covered  by 
^e.  ^  *"*"**     ^^  **       °**^      the  semi-fluid  cambium.    Its  mesh-work  charact^ 
permits  the  medullary  rays  to  pass  through  it,  and  to  keep  up  a  circulation  with  the 
cellular  part  of  the  bark.    It  is  not  subsequentiy  converted  mto  the  wood  of  the  tree, 
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asaome  ha^e  sappMed,  but  is  fbnned  in  the  Spring  season  from  the  leayea  with  the 
wood,  aad  lies  in  suooeBsive  layers  within  the  mesophlsBum. 

Tbe  more  immediate  use  of  the  bark  is  that  of  giving  protection  to  the  wood.  If 
baik  did  net  exist  there  would  be  no  cambium^  and  without  cambium  there  could  not 
be  any  deposition  of  woody  fibre ;  and  thus  the  presence  of  bark  is  necessary  to  the 
growth  of  the  tree.  It  is  also  essential  to  the'life  of  the  tree, 
from  its  connexion  with  the  cellular  system,  and  with  the 
tmderebped  leaf-bods. 

The  bark  contains  a  large  number  of  air  vessels  and  vasa 
proprtOf  and  not  only  conveys  refuse  matter  &om  the  leaves 
to  the  soil,  but  is  in  almost  all  cases  a  depository  of  elaborated 
secretions.  This  is  well  seen  in  the  oak  baik,  yielding  tan- 
niii;  the  cinchona  bark,  producing  quinine;  and  the  fir-tree, 
emitting  turpentine.  There  are  also  many  mUk  vessels;  but, 
with  the  exception  of  the  Nepenthes,  there  are  no  spiral  vessels. 
We  have  oftentimes  found  thick  wall-cells,  as  in  Fig.  40, 
arranged  in  columns  with  great  regularity.  p.^^  isa^lrbfr  bia^i^g- 

Wood. — We  now  proceed  to  the  most  important  division  vessels  of  the  bark  along 
of  the  parts  formed  in  exogenous  stems-vtz.,  the  Wood-a  ^^^h  the  fluids  are  con- 
substance  not  merely  giving  stability  and  beauty  to  the  tree, 

bat  offering  the  greatest  service  to  man.  "Wc  find  it  occupying  nearly  the  whole 
body  of  the  trunk,  and  arranged,  as  a  rule,  in  a  very  regular  manner  in  this  class  ; 
of  trees.  On  taking  up  any  piece  of  wood,  but  more  particularly  the  entire  section  j 
of  a  stem,  we  first  notice  a  series  of  circles,  which  increase  in  diameter,  and  separate 
by  wider  intervals  as  we  approach  the  bark.  In  this  manner  the  trunk  is  composed 
of  numerous  zones  inclosed  within  each  other.  Again,  in  almost  all  trees,  we  obser^'c 
the  medullary  rays  before-mentioned  passing  in  straight  Hues  from  the  centre  to  the 
circumference ;  and  as  the  circle  of  the  stem  at  the  bark  is  much  larger  than  any 
circle  near  to  the  centre,  it  follows  that  the  meduUary  rays  will  be  wider  apart  at 
the  bark  than  at  the  pith.  On  this  view  of  the  subject  we  may  state  that  the  stem  is 
composed  of  a  series  of  wedge-shaped  blocks,  which  have  their  edges  meeting  at  the 
centre.  The  combination  of  these  two  views  gives  the  correct  idea  of  the  arrange- 
ment of  the  wood — viz.,  a  series  of  wedges,  each  divided  into  segments  of  unequal 
width  by  circular  lines  passing  across  them.  From  this  description  it  must  not  be 
supposed  that  these  various  portions  are  detached,  or  may  be  readily  detached,  from 
each  other ;  for,  although  the  medullary  rays  and  the  circular  mode  of  deposition  both 
tend  to  a  less  difficult  cleavage  of  the  wood,  they  yet  bind  the  parts  very  closely  and 
firmly  to  each  other. 

The  explanation  of  the  occurrence  of  distinct  zones  of  wood  is  that  each  zone  is  the 
produce  of  one  year,  and  that  in  our  climate,  more  so  than  in  tropical  countries,  the 
period  of  growth  of  wood  ceases  for  many  months  between  the  seasons,  and  thus  induces 
a  distinction  in  appearance  between  the  last  wood  of  a  former  and  the  first  wood  of  the 
succeeding  year.  This  distinction  is  maintained  throughout  each  year,  and  throughout 
along  series  of  years. 

The  inclosure  of  zone  within  zone  is  owing  to  the  mode  in  which  the  wood  is  pro- 
duced, and  the  position  in  which  it  is  deposited.  Wood  is  formed  by  the  leaves  during 
the  growing  season,  and  passes  down  towards  the  root  between  the  bark  and  the  wood 
of  the  previous  year  (if  any),  or  in  the  position  in  which  cambium  is  eflfused ;  and,  as  the 
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leayes  more  or  less  Burround  the  whole  stem,  the  new  layer  at  length  completes  a  zone, 
and  perfectly  encloses  the  wood  of  all  former  years.  This  is  the  explanation  of  the 
term  exogenous,  which  is  derived  from  two  words  signifying  to  grow  outwardly,  for 
the  stem  increases  in  thickness  by  successive  layers  on  the  outer  side  of  the  previously- 
formed  wood.  That  this  is  the  mode  of  growth  has  been  abundantly  proved  by  experi- 
ment, and  demonstrated  by  accidental  discoveries.  Thus,  if  a  plate  of  metal  be  inserted 
between  the  bark  and  wood,  it  will  in  progress  of  time  become  inclosed  by  the  new  wood 
which  has  overlaid  them.  So  in  like  manner,  if  letters  be  cut  deeply  through  the  bark 
and  into  the  wood,  the  spaces  will  not  be  filled  up  from  the  bottom,  but  may  be  seen 
in  subsequent  years  overlaid  by  new  wood.  A  statement  appeared  in  a  daily  paper, 
during  the  past  year,  to  the  effect  that  in  cutting  down  a  tree  a  cat  had  been  discovered 
inclosed  in  the  wood  of  the  trunk.  These  facts  prove  that  the  wood  is  applied  from 
without.  Again,  if  a  branch  be  stripped  of  its  leaves  down  to  a  certain  point,  it  will 
not  grow  above  that  point ;  and  so,  in  like  manner,  if  branches  be  stripped  from  one  side  of 
a  tree,  the  tree  will  not  grow  on  that  side.  If  a  circle  of  bark  be  removed  from  a 
branch  above  and  also  below  a  leaf,  it  will  be  found  ,that  increase  of  size  will  occur 
below,  but  not  above  that  bud ;  and  so,  likewise,  whenever  a  ring  of  bark  is  removed 
from  a  tree,  the  new  woody  fibre  will  not  proceed  from  the  lower  but  from  the  upper 
edge.  Further,  if  a  scion  be  engrafted  upon  a  stock  having  wood  of  a  different  colour 
from  that  of  the  scion,  it  will  be  found  that  the  wood  produced  from  the  scion  overlays 
that  of  the  stock.  This  may  actually  be  seen  in  operation  in  the  spring  season,  if  a 
leaf  be  exposed  immediately  below  its  base ;  for  then  bundles  will  be  seen  to  shoot 
below  the  ring  of  bark  or  cuticle,  and  to  divide  into  two  sets,  one  of  which  proceeds  to 
the  liber,  and  the  other  to  the  wood  of  the  trunk. 

These  facts  are  undoubted,  and  the  inferences*  seem  to  be  indisputable ;  but  yet 
various  men  of  eminence  have  held  contrary  opinions.  Thus,  Linnaeus  believedlt  to  bo 
the  produce  of  the  pith,  and  Malpighi,  that  of  the  last  year's  wood ;  whilst  Du  Hamel 
affirmed  that  it  was  produced  by  neither,  but  solely  from  the  cambium,  which,  according 
to  him,  was  secreted  by  the  bark.  It  cannot  be  denied  that  the  bark  exercises  an 
influence  in  the  formation  of  wood ;  for  if  a  zone  of  red  bark  be  made  to  grow  upon  a 
tree  having  white  bark,  all  the  wood  appearing  below  this  new  bark  will  be  red.  But 
this  is  not  the  result  of  any  power  in  the  bark  to  form  wood,  but  simply  that  the  wood, 
as  a  part  of  the  horizontal  cellular  system  of  a  plant,  has  a  controlling  influence  over 
its  secretions.  These  experiments,  and  others  of  a  similar  character,  may  be  most 
readily  performed  by  any  one  of  ordinary  ingenuity.  And  what  amusement  could  bo 
more  instructive  to  oiu:  young  friends  of  both  sexes,  and  possibly  through  them  to  tbo 
world  at  at  large  ? 

If  our  readers  will  cursorily  glance  at  the  cut  surface  of  any  stem,  they  will  at  once 
perceive  another  fact  in  relation  to  the  zones  of  wood,  viz.y  that  whatever  may  be  the 
thickness  of  the  zone  for  the  year,  it  is  rarely  equal  around  the  whole  circumference  of 
the  stem.  This  is  no  matter  for  wonder ;  but,  on  the  contrary,  it  is  surprising  that 
there  is  any  approach  to  regularity,  seeing  that  the  position  of  leaves  upon  the  branches 
seems  to  be  an  accidental  rather  than  a  circular  or  spiral  one.  The  occurrence  is 
readily  accounted  for  on  the  theory  above  propounded,  and  is  due  to  the  lesser  abun- 
dance of  leaves  on  the  branches  of  one  side  than  on  the  other,  or  to  the  prevalence  of 
winds,  or  some  other  physical  cause,  acting  in  that  direction  in  opposition  to  the 
growing  process. 
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Kgs.  134,  135,  186,  137,  188  exhibit  horiaontal  and  perpendicular  seotionB  of  an 
exogenous  stem,  from  the  end  of  the  first  to  the  end  of  the  fifth  year.    In  each  figure 


Tig.  134. —End  of  first  year's  growth 


Fig.  135.— End  of  second  yesr's  growth. 


Fig.  186.— End  of  third  year's  growth. 


!|, ':;ir|| 
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Fig.  137.— End  of  fourth  year's  growth. 


!|l 


Fig.  133.— End  of  fifth  year's  growth. 


the  pith  occupies  the 
,  ^  ,  !  centre,  and  is  the  largest 
at  the  end  of  the  second 
year;  after  which  it  pro- 
gressively diminishes. 
Immediately  around  it  is 
the  medullary  sheath. 
The  bark  is  on  the  outer 
boundary ;  and  the  woody 
and  pitted  tissues  occupy 
the  intervening  spaces, 
and  increase  at  the  rate  of 
one  layer  or  zone  per  year.    The  medullary  rays  pass  from  the  pith  to  the  bark. 

From  the  preceding  remarks  it  will  at  once  be  inferred  that  a  plant  of  one  year's 
growth  has  but  one  layer  of  wood ;  and  that  that,  therefore,  does  not  inclose  wood,  but 
pith  only.  When  the  tree  has  reached  the  end  of  the  second  season  it  will  have  two 
layers ;  and  so  on,  successively,  through  any  number  of  years.  The  above  Figures 
represent  each  a  horizontal  and  vertical  section  of  a  stem  at  various  periods ;  and  in 
Fig.  138  it  win  be  seen  that  the  stem  of  a  plant  five  years  old  exhibits  a  central 
pith,  five  zones  of  wood,  and  the  bark,  besides  the  cambium  in  the  spring  season  and 
the  medullary  rays. 

The  age  of  trees  has  been  inferred,  when  a  section  of  the  whole  stem  could  be 
examined,  by  counting  the  number  of  rings  of  wood  which  have  been  deposited  around 
the  pith.  When  only  a  part  of  the  stem  remained,  and  yet  its  original  diameter  was 
known,  the  same  end  has  been  sought  by  multiplying  the  width  of  one  zone  by  one  half 
the  diameter,  or  by  counting  the  number  of  zones  from  the  pith  to  the  bark,  should  so 
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toxuAl  of  the  stem  be  iwxoL  Ib.  a  largnipiopartifin.  of  caaeB  theae  modes  will  eyoke 
tal&cMy  accurate  reoiltsf  but  there  are  aeverol  souioea  of  ^fallaey  to  wbicb  wemngfe 
refer.  _ 

First,  it  IE  liighly  probable  that  in  tropical  climates  the  wood  of  more  than  one  year 
may  piodooe  but  one  2one ;  for'aa»thece  is  but  a  shintif  any  period  of  cessation  of 
growib,  bntTery  sli^t  eyidenosB  of  any  line  of  demarcatinn  can  be  deteetod.  The 
real  age  of  trees  may  thus  be  underrated. 

Secondly.'  It  ds  highly  probable  that  in  some  plants  moie  than  one  zone  of  wood  is 
formed  in  the  year;  .for  such  is  evidently  the  case  .in  the  root  of  the  Beta  Vulgaris. 
This  would  unduly  increase  the  age  of  the  tree. 

Thirdly.  When,  examining  a  fitagment  of  a  tree  tiievobserver  diotdd  xememberHihat 
the  zones  are  not  of  equal  thickness. throughout,  and  that  it  is  quite  possible  that  in 
some  years  no  wood  whatever  was  fojoned  in  the  fragment  under  examinafckm-.  The 
TKTfing  widthr  of  zones  lemdisB-^fram'  the  age  of  itheatitee<;  so  thsll  it  isiese  as  tiie  tree 
advaaoesc  in:  ilife,  as  •  also  from  -^the  intsmiptixm  ttacigEpwtii,-  wliiclr.not  mifeaqmrntly 
coDturaes-  on:  one  side  of  a  plant  throngl^aiiEt a''^greaieKip|Dtt)f't^  growing  season.  This 
may'be  readily  obsenreA bymotudngira  eeeliaii  of  .alniOB<i' any  stem;  for  thenit^wiil  be 
:  eiRidenfrihatthei  pith  doss  not  x>CG«py^th:eig^metri(reeKtBe  of  the  plant.  Dr;  lindley 
gi;reiitiiemeassramaits  of^two  sides  ofifonr  stemsf^srlikili'be  seleeted  frdm^^iUit  Indian 
trees,  widcb  exemplify  this  facttdoa^:-— 


1st  stem 
2d  „  . 
3d  „.. 
4tii  „     . 


Beal  age  or  No. 
of  Eones. 


40 

36 

17 

8 


Total  diameter. 


46  lines. 

30  „. 

31  „. 
34    „ 


DUmeterof 
Smaller  side.  Larger  side. 


9  lines4>' 

8  „ 
11  „ 
11     n 


36  lines. 

22  „ 
20  „  . 

23  „ 


'*  Suppose  ihat  a  portion  ofthe  smaller  side  in  the  first  example  werecxamined;  the 
obftcorer  would  find  that  each  zone  is  0*225  of  a  line  deep,  and*e8%hew^hdle  diameter 
of  the  stem  is  45  Unes,  he  would  estimate  the  side  he  examiaad  to  be  22'£  lines  deep, 
conseqiientLy  he  would  arrlye  by  calculation  at  the  cendusion  thata&ius  plant  was  one 
yeat  growing  0'225  of  a  Une,  it  would  be  a  hundred  yeaxs  in.gvowing  22*5  Unes,  while 
in  fact  it  bas  been  onijf-  forty  years." 

Thus,  whilst  it  is  difficult  to  ascertam  witii  great  certainty  the  agerof  any  tree  wiien 
a  whole  section  can  be  obtained,  the  difficulty  is.  Tastly  greater  when  only  ajfragment 
can  be  examined. 

The  great  size  of  the  trunk  of  a  tree  is  "prvaik  facie  evidence  of  its  antiquity ;  and 
judging  from  that  fact  alone  we  should  be  disposed  to  admit  that  the  following  remark- 
able trees  must  be  very  aged : — 

The  Ghesnut  of  Mount  Etna  (Castanea  de  Centa  Oavalli)  is  180  feet  in  cireum- 
f erenoe^ 

A  Plane  tree  in  Turkey,  160  feet  in  circumference. 

Some  of  the  BraziUan  Hymenasas,  84  feet  in  circumference. 

In  respect  of  height,  it  is  known  that  the  Araneaiias  sometimes  attain  to  the 
blight  of  more  than  200  feet. 

The  Pinus  Darglariana  of  Oregon  is  193  feet  high ;  and  the  PintUB  Lambeitiana  is 
.  226  feet  in  height 
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1X6  leA  ralue  of  ihese  enormeufi  dimensioiis  will  be  best  felt  if  otirtvaders  wmM 
mskcpa  drtM  iirfi  field  -of 'ISO'^fM-'^in  .cizcitmDetenoe^-  and  ^theh.  measniv  e  distanoe-of 
70  ysids  tO'  indieate  th^  ^vid^  and  tieighbtof  ti  tree. 

Ttere  are  severed  ^anoieiit  oa]c»  in  England,  thlKragh  the  remauo  <^  whose  h<dldw 
trunks  coacheer  haye  been  difren;  and  in  Nfew«  Zealand  itia^said  to  be  a  common' 
occnnrefnoe  to  nse  decayed  tree»«8  stables. 

TEe  fi»llbwing  list  of  ancient  trees  may  be  fetand  in  a  Fyenoh  work;  the  <*  TStatoiogie 
y^gdaief'  'and  their  ages  have  been  computed  npon  the  prindples  nowlaid  down: 

list  of  old  trees,  aceordTng-to  Magnire  and  Taaidon.    Thbre  ai«  known> : — 

Palms  of 200, 300  years. 

Cerens  .        .        .       • 300  „ 

Chirodendron 327  „ 

XJImiis  (Elih) 356  „ 

Cupressus  (Cypress) 388  „ 

Hedera(Ivy) 448  „ 

I  Acer  (Maple) 516  „ 

I  Larix  (Larch) 263,  576  „ 

I  Castanea  (Chesnut)  * 360;  626  „ 

I  Citrus  (Orange) 400,  609,  640  „ 

I  Plantanus  (Plane) 720  •  „ 

I  Cedrus  (Cedar) 200,  800  „ 

j  Juglans  (Walnut) 900    „ 

'  Tilia(Lime) 364,530,800,825,1076  „ 

Abies  (Spruce) 1200  „ 

I  Quercus  (Oak)        ....       600,800,  860,  1000,  1600  „ 

Olea  (Olive) 700,  1000,  2000  „ 

Taxus(Yew)  ....  1214,1466,2688,2888  „. 

Schubertia 3000,  4000  „ 

LeguminosaB 2052,  4104  „ 

Adansonia  (Baobab)  of  Senegal 6000  „ 

Draoasna  (Dragon's  Blood  Tree)  of  Teneriffis.  6000  „ 

I        When  we  remember  that  the  two  latter  periods  carry  us  back  to  the  days  of  Adam, 
'  and  contraat  them  with  the  ordinary  destruotibility  of  vegetable  gmwt^  they  appear  to 
be  incredible,  and  we  cannot  but  suspect  that  some  elementary  ercor  has  crept  into. the 
computation, 
I        Sinoe  the  quantity  of  woody  fibre  produced  depends  mainly  upon  the  number  of 
I  leaves  upon  the  tree,  and  the  number  of  leaves  must  bear  some  proportion  to  the  size 
I  of  the  tree,  it  might  be  inferred  that  the  quantity  of  wood  deposited  would  increase 
with  much  regularity  as  the  age  of  the  tree  advanced.    This  increase  might  be  mani- 
fested in  two,  or  one  of  two  ways — viz.,  the  increasing  length  of  the  zone  and  its 
increasing  width.     It  is  very  probable  that  an  increase  does  take  place  in  the  annual 
deposit,  until  the  tree  has  attained  its  mayimum  of  growth ;  and  it  is  quite  clear  that 
30  long  as  the  tree  enlarges,  the  circumference  of  eaoh  zone  must  increase  likewise ; 
but  there  ia  no  evidence  that  the  zone-  at .  the  same  time  increases  in  thickness.    This 
miKtates  against  the  oft-repeated  attempt  to  determine  the  age  of  a  tree  from  its 
diameter ;  and  if  there  were  no  other  source  of  fidlacy,  it  would  suffice  to  remind  our 
readers  that  the  growth  of  trees  must  depend  upon  the  varying  nature  of  the  soil,  the 
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changing  seasons^  and  the  prevalence  of  winds;  and  that  all  these  act  with  tenfold 
greater  effect  upon  a  full  grown  than  upon  a  very  immature  tree.  It  may  therefore  be 
affirmed,  that  the  zones  of  wood  increase  in  length,  and  decrease  in  thickness,  as  the  age 
of  the  tree  advances,  and  that  both  proceed  from  determinate  causes,  but  that  the 
increase  and  decrease  alike  do  not  foUow  any  rule  of  universal  application. 

Moreover  the  width  of  the  zones  of  wood,  in  the  same  species  of  tree  growing  in 
different  positions,  is  not  the  same.  Thus  the  Scotch  Fir  (Pinus  sylvestris),  growing 
at  various  altitudes,  produces  rings  of  wood  varying  from  0*39  Unes,  to  10  times  that 
amount.  That  such  must  be  the  case  we  may  readily  infer  from  the  fact,  that  in  any 
plantation  trees  of  the  same  species,  and  planted  at  the  same  time,  attain,  within  a  few 
years,  to  very  different  dimensions.  This  dissimilarity  is  far  greater  when  we  compare 
trees  of  various  species ;  but  yet,  in  reference  to  all  wooded  plants,  it  may  be  stated  that 
there  is  a  general  resemblance  in  the  size,  both  in  height  and  thickness,  which  plants 
of  the  same  species  attain  in  the  course  of  years. 

Numerous  efforts  have  been  made  to  discover  a  relation  between  the  height  and  the 
thickness  of  trees ;  but  whilst  there  may  be  an  approach  to  similarity  in  trees  of  the 
same  species,  there  is  not  a  shadow  of  resemblance  in  wooded  plants  as  a  whole.  Thus 
it  has  been  found,  that  of  two  species  of  Pine  the  difference  was  so  great,  that  whilst 
the  relation  was  as  1  to  5  in  one  instance,  it  was  as  1  to  120  in  another. 

Such  speculations  may  tend  to  increase  a  spirit  of  inquiry,  but  hitherto  they  have 
had  no  other  good  effect. 

The  foregoing  description  may  suffice  for  exogenous  stems  which  follow  this  usual 
course  of  development,  and  therefore  for  the  great  majority  of  trees ;  but  it  is  readily- 
conceivable  that  a  difference  in  figure  may  exist  to  a  great  extent,  as  in  the  cells  of 
cellular  structure,  considered  at  page  11. 


Fig.  139. 


Fig.  140. 


Fig.  141. 


Fig.  139,  representing  the  section  of  a  tree  in  which,  from  the  irregular  development  of  the  stem, 

there  are  no  concentric  zones  of  wood. 
Figs.  140  and  140%  showing,  in  the  section  of  a  stem  of  a  Bignonia,  four  internal  deposits  of  hark,  a, 

by  which  the  wood  is  divided  into  four  wedges.    The  lines  crossing  the  centre  are  well  developed 

medullary  rays. 
Fig.  141.— The  stem  of  a  Clematis,  in  which  the  medullary  rays  are  greatly  thickened,    a,  the  pith  ; 

bf  the  smaller ;  and  d,  the  larger  wood  bundles;  c,  the  large  medullary  rays ;  e,  the  hark. 

Thus,  whenever  the  process  of  growth  is  so  disturbed  that  it  proceeds  on  one  side, 
whilst  it  is  nearly  arrested  on  the  other,  it  is  evident  that  the  figure  of  the  stem  -will 
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not  be  cylindrical,  and  that  the  layers  of  wood  will  not  be  in  perfect  zones.  So  also 
when  this  disturbance  is  restricted  to  a  portion  only  of  one  side,  there  will  be  no 
growth  at  that  part,  and  in  process  of  time  a  depression  in  the  stem  will  result,  giving 
it  a  farrowed  appearance.  At  a  still  later  period,  assuming  that  the  like  causes  exist, 
this  farrow  will  become  deeper,  but  at  the  same  time  it  will  be  narrower ;  for  the  woody 
fibre,  as  it  passes  down  on  either  side,  will  find  little  resistance  in  that  direction,  and 
will  push  into  the  furrow  and  lessen  its  size.  At  the  same  time  the  bark  will  also 
increase  in  thickness,  and  in  process  of  time  the  original  furrow  wiU  have  disappeared. 
A  section  of  such  a  stem  would  show  a  triangular  interval  in  the  circumference 
of  the  trunk,  which  would  either  be  vacant  or  filled  up  with  layers  of  bark.  If, 
whilst  these  changes  are  proceeding,  others  of  a  similar  character  were  met  with  in 
other  parts  of  t^e  circumference,  the  section,  instead  of  exhibiting  a  circular  outline, 
would  greatly  resemble  the  figure  of  the  stellate  cell  (page  11).  These  are  the  expla- 
nations of  a  great  variety  of  twining  stems  growing  in  hot  climates,  and  which  are 
angular,  or  present  a  cruciate  appearance  on  section. 

An  interesting  modification,  and  one  very  nearly  allied  to  the  above,  is  that  in  which 
the  medullary  rays  increase  in  thickness  so  greatly  as  not  only  to  be  mere  lines,  giving 
a  grain  to  the  wood,  but  large  wedge-shaped  blocks  between  alternate  masses  of  wood. 
This  is  not  remarkable,  when  we  remember  that  at  every  moment  of  growth  there  are 
two  processes  going  on,  one  the  cellular  or  horizontal,  and  the  other  the  woody  or 
vertical ;  and  it  is  no  more  a  matter  of  surprise  that  nature  should  occasionally  increase 
the  one  at  the  expense  of  the  other,  than  that  she  should  rigidly  adhere  to  the  rule 
which  she  has  laid  down ;  for  both  the  rule  and  the  exception  are  alike  wonderful  and 
inexplicable.  Such  exceptions,  greatly  varied,  but  yet  for  the  most  part  originating  in 
the  "  Wood,"  or  cellular  structure  of  the  stem,  are  by  no  means  uncommon. 

The  general  configuration  of  exo- 
genous stems  is  conical,  the  circum- 
ference being,  for  the  most  part,  cir- 
cular, and  the  base  much  larger  than 
the  apex,  or  the  free  terminal  part  of 
the  stem.  This  necessarily  results 
from  the  remarks  which  we  have 
made  on  the  production  of  wood ;  for 
it  is  manifest,  that  if  the  wood  be  a 
product  of  the  leaves,  and  the  number 
of  leaves  on  the  tree  increases  from 
above  downwards,  the  quantity  of 
vood  deposited  will  be  greater  below 
than  above.  The  apparent  exceptions 
to  this  rule  are  in  such  fast-growing 

trees  as  grow  in  the  midst  of  a  dense     c  d  c  d  c  deb        ^j  4  c  dl  t7d  c  d  ■ 

wood,  where  the  light  reaches  them  ^8^*  ^^2,  showing  the  component  parts  of  a  stem  in 
/x«i^   4. .,      ,  a     V  A-  J,         the  fourth  year  of  growth, 

only  at  the  top.  Such  trees  run  up  of  A.  a  part  of  a  transverse  section.  B,  a  perpendicular 
nearly  even   diameter,   and  without   section,  the  parts  of  each  arranged  accurately  oyer 

a  branch,  until  more  than  two-thirds  o,  the  pith;  6,  the  surrounding  medullary  sheath; 

of  their  entire  heijrht  has  been  at-  c  and  <l  layers  of  wood  and  bothrenchym  intermiu- 

.  .     ,       ,    ^    .         °  ,  ,  gled.    The  open-work  in  A  shows  the  posilion  and 

tamed;    out  from  the  pomt  where  the  extent  of  bothrenohym  more  clearly ;  e,  the  bark. 

branches  arise,  the  conical  figure  may  readily  be  traced.     The  common  asparagus 
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phmt  JB  abo  said  to  be  an  exception  to  istAa  inle.  l%e  circular -figure  of  the 
stem  is  due  to  tlie  somewitat  eren  distrilnition  of  tbe4eaTcsar(nmd'4iie-tmnk ;  and  this 
wiH  be  tiie  most  perfect^when  lihe  tree  has  grown  apart  from  odios/and'irltere  it  is 
fi^elr  exposed  on  all  mdes  to  l^e  influence  of  Hgbt. 

'The  wood  of  ^plants  is  not  composed  exclnsrvely  of  -woody  tissne,  bnt-withtiiat 
stnictmre  is  botfaTenchym,  ordotted  tissne^ and  ducts,  in'greater  or  leM  Mmsdance.  This, 
as  before  mentioned  at  page  17,  is  more  particularly  the  case  in"  fhsb-growing  plants. 
The  diagram  on  page -85, -of  an  exogenous  stem,  Aows  how  largely  pitted  tissue  is 
intermingled  with  lie^vrood. 


Kg.  IiiS»;gfBpBWOtiting  a ValoiianftViBfi&Miaeof  thtt  loading  cbaracteraoleniogaiiouft  growth. 


ii-4.^eiisow'prooeed  to  a  desoription  of  ctemrwhihh  ^vilibe 
^'less  .familiar  to^  our  readers,  and  whxcb  can  usuaUy.be  examined  in  masenm^ioriaa  draed 
;  plants  only.  These  are  almost  peculiar  to  tropical  reigxcBis^  and  are  e±olusivdy<8a  if' we 
TBfesB  to  wooded  plants  of  considerable  Bize-^the.giaut-xepKesentatiTes  of  this  ^as&  of 
the  Palm  tree,vwith  its  wonderful  utility  and  beauty. 

The  clasa  is  represented  in  this  country^  and.inr  al]BQBt..all j  climates^  by-  plmts  of 
lesser  growth,  and  more  particularly  by  the  grasses ;  .yetj^wiith:i&e  fixo^i^aon  of  the 
direction  of  the  Teins  of  leares,  they  afford  but  unsatis£actory  indications  ofihe  -peculiar 
stnioture  of  the  plant.  The  most  ready  Ulustration  will  bo  ibund  in  liie  ^CDmmon  €aiiic 
and  Bamboo ;  -  and  these  wHl  suffice  for  a  silfficient  inquiryinta  thia  subject. 

llieteon  ^'endogenous"  signifies  to  grow  inwardly,  and  is  explained  bystatoig 
that  the  bundles  of  wood  aent  down.fipom  ihe  ieayes.da  not^mge  themaehreain.layers 
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on  the  oatear  side  of  <tli«  pireviu[i4y'*£oKmecL  wood,  but  pass  .downv^n  irqsgular  masaes 

near  to:  the  centre  of  the .  stem.    Such  atemty  like  exogenous  etems^  ore  'eompeeed  a£  a 

woof  and  w^rp,  e«ch  of  which,  hcdda  the  same  relation  to/ihe  other  in  both  -gseat 

diWaioBS  of^zees,  .and  they  differ  only  in  their  relative,  proportions  .and  jnode. of 

arraqgesfesat.    .  Thus   ihe  .  eellular  or 

horizontal  warp  is  propo^ooydly  in- 

croaaed  in .-  end|»g^ioiu  xaitilier  %  than  in 

exogenous. stems;,  and  ti^s,  together 

with  the  ;anangeiBent  ^f .  thev  woody 

fihreVinto.rbu]3dles,.giYe8.  ajuare-  open 

charaotertoithe  section  jof  ihe  stem. 

A  aeotion  -of  an  endogaaaoas  .stem 
(Fig.  144)  ezhihit8.ihe£>llowingiatrue- 
tores: — fEkst,  tan  egt^mal  melflsing 
layer  <it.haxk^x;  seecmdly,  ft«eries  uf 
fiinmlar.imes,.  which  represent  the  .cut 
siff&ees  -of  vasDular  tisane,-  y;  and 
thirdly,  the  mesh- work  intervening  be- 
tween itha -bundles,  which. -is  the  cellu- 
lar tissue  or  piih,  z.  We.ahall  cxmaider 
eaoh  of  i&eae  sepactttely. 

%tautiGl#.-^Xhe  eptdentolfl,  cutiide, 
or  k»k^;#f  endogenous  stoos,  differs 
TnataifaiByt  d&om  ihex  analogmia  -stxucture 
in  e^WgBoous  plants.    It  Qannat^.iniaiiy 


Kg.  144,  showing,  by  a  horizontal  and  perpendicular 
section,  the  structure  of  endogenous  stems. 

a,  z,  cellular  woof  of  the  stem. 
•  i  di  bundles  of  Tejscular  tissue, 

y,  their  cut  ends. 

a?,  the  so-called  cuticle  or  bark. 


jfeonnflildaurtanoes,  be  «epai»ted  j&om  the  stem,  as  may  be  readily  seen  by  attempting  to 
peeLa^^Msie.  ilt;doesjiot  naturally  crack imd  separate  as  does  the  bark  of  our  forest 
ti»es^iibutr:i8:>  luffd,  douse,  itmooth  ^usually),  non-corrugated,  inelastic,  but  slightly 
fgtcnwiWp,  and  .isi  a.«pennanfint  runchanging  structure.  Thus,  the  diameter  of  such 
stems  is  necessarily  greatly  restricted;  and  it  is  in  length  only! (that  ^idogenous  plants 
can  -be  greatly  developed.  It  does  not  consist  of  a  series  of.  layers,  which  Nmay  be 
detaeked^£ft)m*£aeh  olher,  and  di^^guii^d  byvarious  names,  but  is  simply  formed  of 
one  or  two  layers— a 'mass-bf  flattened  «eUs,  with  bundles  of  woody  fibre  intermixed, 
and  ^onneoiing-it-with  the  intomal^aiFts  of  the  stem.  '  The  non^extensibility  of  these 
layer&isnotevident'until'&e^fareehassttamed  to 'somewhat  of  its  natural  diameter; 
for  the  bamboo  may  appear  atfe 'first  as  hMpge^asf  the 'finger  only^.and  sdl>sequently  exceed 
in-CBGumfeience  amen'stygh.  ;!Afoireover,  a-few  plants,  as. the  JDraccma  or  dragon's 
blood  tree,  referred  to  at  page  1,  has  attained  to  a  eiroumferrace  >bf  forty  feet.  Thus, 
whHst  it  is  trueihat  the  width  6f  endogenous  etems,  as  compared  with  their  height,  is 
much  less  than  in  exogenous  trees,  we  must  admit  that  -the  cuticle  is  extexuable,  and 
must  infer  that  its -further  development  is  prevented  by  a  degree  of  expansibility  which 
does  not  proceed  beyond  a  certain  point ;  or  that  its  farther  non-development  is  flknply 
a  part  of  the  generallawwhieh  gerents  the  growth  of  these  plants.  It  ia  difficult  to 
agree  with -the  common  opinion,  that  the  limited  power  of  e^ansion,  which  the  cuticle 
i»said  to  possess,  is  the  cause  of  the  limited  diameter  of  the  stem ;  and  it  seems  moire 
pHloeophifial '  to  assume,  Ihat  it  is  only  apart  -of  these  occurrences  which  accompany 
the  normal  devdo^nent  of  these  struoteres. 

^lat  the  size  of  the  stem  remains  the  same  at  all-periods  after  itsfuU  development 
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is  quite  evident  from  the  fact  that  twining  plants  may  encircle  it  for  many  years 
without  compressing]  it ;  but  this  is  begging  the  question ;  for  if  the  stem  be  fully 
developed,  as  at  first  referred  to,  no  further  increase  of  tree  is  expected.  The  truth 
seems  to  be,  that  endogens  cease  to  grow  at  their  lower  part,  whilst  growth  proceeds 
above ;  and  thereby  the  cuticle  may  have  attained  to  a  maximum  of  extension  near  to 
the  base,  whilst  it  may  be  comparatively  undeveloped  fl|K>ve. 

Schleiden  explains  the  peculiarities  of  the  cuticle  of  endogenous  stems,  as  distin- 
guished from  that  of  exogenous  ones,  by  employing  the  term  ''  limited  growth"  to  the 
former,  and  "unlimited  growth"  to  the  latter;  and  explains  them  by  stating,  that  in 
the  former,  after  a  certain  period,  the  production  of  the  fSut-growing  thin  walled-cells 
of  the  cuticle  ceases,  and  the  partitions  become  thicker ;  whilst  in  the  latter,  the  cells 
are  continually  reproduced  throughout  the  whole  period  of  growth  of  the  plant.  This 
seems  to  be  rather  a  statement  of  the  facts  than  an  explanation  of  them. 

It  is  the  fashion  to  state  that  endogens  have  no  bark,  since  none  is  separable  from 
the  wood,  and  that  the  cuticle  is  simply  the  hardened  exposed  cells  of  the  stem,  with 
the  ends  of  b\mdles  of  woody  fibre  intermixed.  If  analogies  are  truly  founded  upon 
function,  and  not  upon  structure,  we  must  admit  that  there  is  a  cuticle  or  external 
protective  covering  to  endogenous  stems. 

Vasculax  Structure.— This  is  a  mixture  of  woody  fibre  and  bothrenchym,  with 
the  addition  of  spiral  ducts  or  spiral  vessels. 

If  we  examine  a  transverse  section  of  a  cane,  we  do 
not  find  a  central  pith,  with  wood  arranged  in  layers 
around  it,  but  a  surface  marked  by  fourteen  cut  ends  of 
round  bundles  of  vascular  tissue,  set  in  a  cellular  matrix. 
So  also  on  making  a  perpendicular  section,  we  notice  that 
the  surface  of  the  section  presents  a  nimiber  of  perpendicu- 
lar defined  Unes,  which  may  be  torn  out,  and  a  series  of 
intervening  connecting  substances.  The  distinguishing 
peculiarity  of  endogens  is  the  arrangement  of  the  woody 
fibre. 

The  general  direction  of  the  woody  fibre  is  clearly 
from  above  downwards ;  but  it  is  highly  probable  that  it 
does  not  descend  in  straight  Unes,  and  that  when  the  tree 
has  attained  a  tolerable  height  the  wood  does  not  descend 
directiy  to  the  root    As  the  structure  is  not  indigenous 
Fig.  145,  showing  the  arciform   to  climes  where  scientific  men  abound,  the  observers  have 
arrangement  of  the  bundles   ^een  few ;  and  as  the  subiect  is  an  intricate  one,  it  has  not, 
of  woody  fibre  in  endoorens  ,  .  ,,      ,     .  i  .    -i      -ar  vi  •    ^i.    -l    a      ix. 

(as  the  Palm),  as  they  pass  as  yet,  been  fully  elucidated.  Monl  is  the  best  autnonty, 
from  the  series  of  interfoliar  ^nd  he  affirms  that  the  bundles  of  fibres  descend  from  the 
organs  at  the  head  of  the    ,  ,  -i  .  -l    i.      .l  ^i.   •  -x-      x  j     j.i. 

stem,  and  their  thin  parallel  leaves  m  arcs,  which  direct  their  convexities  towards  the 
anrangement  on  the  inner  centre  of  the  stem.  Thus  the  fibre,  in  its  descent,  first 
side  or  tne  bark.  -,    •,  .  j    x-i.      • 

a  b,  fully  developed  part  of  passes  towards  the  centre,  and  thence  towards  tne  circum- 

*^d' d^trices  of  leaves,  with  ^^^^^e,  until  it  reaches  tiie  bark,  or  nearly  so,  when  it 
their  vascular  bundles.  passes  down  in  a  more  direct  manner  towards  the  root, 

the  bSd?.^^  proceeding  from   ^^^^  ^^^^  ^^  therefore  somewhat  represent  a  hedge- 
/,  the  latest-formed  leaves—   liook  with  a  long  handle — that  is,  have  the  form  of  an  arc 
after  Schleiden.  ^^^^^^  ^^  ^  straight  line  below.    The  centre  of  each  arc 

wiU  not  correspoAd  with  the  central  point  in  the  height  of  the  stem,  but  will  be  distant 
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from,  either  end  of  the  arc  about  one  foot  and  a-half.  It  is  not  presumed  that  all  the 
fibres  enter  the  bark,  but  that  some  curl  and  attach  themselTes  to  it,  whilst  others  pass 
to  the  roots.  Thus  the  perpendicular  section  of  a  Palm  would  exhibit  a  series  of  arcs, 
intersecting  each  other,  and  originating  in  points  gradually  ascending  as  the  tree  grew 
in  height.  These  arcs  would  proceed  from  every  point  of  the  circumference  of  the 
stem,  and  present  their  convexities  towards  the  centre. 

Thus  far,  the  best  observers  are  agreed ;  but  the  precise  point  of  origin  is  still  a 
matter  in  dispute.  That  they  proceed  from  foliaceous  organs,  as  in  exogens,  is  certain ; 
but  whether  from  the  folly-developed  leaf^  or  from  undeveloped  interfoliar  organs,  is 
undetermined.  The  former  is  the  opinion  of  Hohl,  and  the  latter  of  Schleiden ;  whilst 
Muribel  occupies  a  midway  position,  and  asserts  that  they  proceed  from  an  independent 
part  of  the  growing  point,  or  PhyUophore,  The  successively  ascending  points  of  origin 
of  the  arcs  are  explained  on  either  of  these  theories ;  for  in  endogens  the  foliaceous 
organs,  whether.developed  or  undeveloped,  are  placed  only  on  the  top  or  head  of  the 
stem,   and  are  yearly  supplanted  by  others  rising  from  above  them  as  the  stem 


There  is,  however,  a  materisl  difference  of  opinion  as  to  the  immediate  direction 
taken  by  the  growing  wood,  according  to  the  views  above  expressed.  Thus,  on  Mohl's 
theory,  the  woody  bundles  are  formed  at  the  highest  point— ui!z.  within  the  leaf  itself, 
and  have  but  one  direction,  that  from  above  downwards ;  but  on  Mirbel's  theory,  the 
point  of 'origin  is  below  the  leai^  and  the  bundles  pass  in  two  directions— one  upwards 
into  the  lea^  and  the  other  downwards  into  the  stem.  If  we  adopt  the  latter  theory  we 
must  admit  that  the  oldest  part  of  the  wood  is  neither  at  the  top  nor  at  the  bottom  of 
each  bundle,  but  at  an  intermediate  spot— la  point  near  to  the  upper  extremity. 

It  is  agreed  by  aU  observers,  that  there  is  no  evident  dissimilarity  between  an 
exogenous  and  endogenous  stem  up  to  the  end  of  the  first  year  of  growth ;  for  in  both 
cases  there  is  a  central  pith  and  an  external  layer  of  wood,  which  has  been  divided 
into  two  portions,  one  of  which  has  applied  itself  to  the.bark,  and  become  the  liber ; 
whilst  the  other  is  the  true  wood,  which  surrounds  the  centre.  The  distinction  begins 
in  the  following  year,  when  the  divisions  of  the  bundles  of  woody  fibre  into  liber  and 
wood  does  not  again  take  place  in  endogens ;  and,  as  in  those  plants,  the  whole  wood 
passes  down  into  the  bark,  and  near  to  it,  the  lower  part  of  the  stem,  as  in  palms,  is 
much  more  solid  and  resisting  than  the  upper  part. 

The  uses  of  vascular  tissue  in  endogens  are  the  same  as  those  of  exogens,  but  the 
proportion  of  saccharine  juicei^  which  it  contains  is  greater  in  the  former  than  in  the 
latter.  This  is  a  beautiful  arrangement  for  the  convenience  of  those  inhabiting  hot 
and  often  arid  countries,  whero  animal  milk  and  water  are  but  sparingly  afforded.  (See 
page  24.) 

Pith* — The  pith  in  endogens  may  be  said  to  occupy  the  whole  of  the  stem,  and  to 
form  the  bed  into  which  the  woody  fibres  pass.  If  we  deny  the  existence  of  bark  in 
endogens,  we  cannot  a£9rm  that  the  pith  also  forms  the  cuticle,  having  first  had  its 
cells  thickened  to  render  it  more  resisting.  On  the  section  of  a  stem  it  will  therefore 
be  found  to  intervene  between  the  bundle  of  vascular  tissue,  as  exhibited  in  Fig.  146, 
and  to  form  the  very  boimdary  to  the  stem  itself.  In  the  endogenous  plants  of  our 
climate,  as  the  grasses,  and  in  many  similar  fast-growing  specimens  of  hot  countries, 
as  the  bamboo,  the  central  pith  is  ruptured,  and  ultimately  absorbed ;  so  that  there  is  a 
central  vacuity,  except  at  the  nodes,  where  a  partition  of  pith  still  continues. 

The  uses  of  pith  are  chiefly  two :  first,  to  supply  a  soft,  elastic,  and  yielding  struc- 
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^Bre,'ihioiigh  wldch  the  Taaoular.  tiaBoe  may  pasr^vm  the  kafvs  towards  the  loots 
aood  flecondly,  to  contain  starch,  ofteaiiines  of  ^gteai  pi]rit7>andrabnn^aBce,  as  in  the 
'  stem  of  the  sago  palm  {Smgrns 
Bumphii), 

The  points  in  the  external 

chaxaoters  of  endogeneos  stems, 

-which    are    peculiar   to  these 

struotureS)  are  the  following : — 

First.    As  a  rule  .the  stem 

does  not  give  off  branches^  but 

prooeeds  either  singlytor  dieho- 

'tomisely    (divided  -into    two) 

£x)m  the  base  to  the  apex. 

Seoon^y.   The   leaves    are 

Fig.  146.— Horisontal  Mctaon  of  thoefere   fimnd  only  .at    the 

^J^:^)^^X'^tZ  ^^  of  the  stem,  and  snrxcmd 

stmctiire  or  pith  at  d,  and^e   it  by  nimieroas'.  insertions,  ar- 

Sr'^Ta^^."^'"'"™'"-  »»8ed   ''H'^e   each  .a<ier  .in 

-  a  spiral  manner.     ^They  are 

usually  of  large  size,  and  compensate  for  their  paucity  in  numbers, 


Hg.  147.— A^sectum  of^the 
stexa  of  the  common  Beed 
IPhroffmites),  showing  at 
a  the  central  raeaity)  and 
at  b  the  «o]id6tem>  with 
the   banflles    of   woody 


When  their  duty 

has  been  performed,  they  wither  and  decay  upon  the  stem,  or  ultimately  fall  £rom  it, 
leaving  a  mark  called  a  cicatrix  to  indicate  the  points  to  which  they  were  focmerly 
attached.  The  succession  of  leaves  takes  ]^ace  &t>m.  below  upwards,  and- thereby  a 
palm  of  some  years  growth  presents  a  series  of  cicatriees.  As  the  age  of  the  tree 
cannot  be  determined  by  the  number  of  the  concentric  series  of  ihe>wood,  it  is  inferred 
from  the  number  of  rows  of  cicatrices,  which  indicate  the  sueoessiTe  seasonal  isnnatioii 
of  leaves. 

Thirdly.  From  the  above  reasons,  the  stem  is  not  conical,  bat  oylindrieal>'and  is  fkill 
in  proportion  to  its  diameter.  Not  that  it  is  eylindrical,  as  opposed  to  conical,  -to  ihe 
very  apex  of  the  plant,  (for  the  very  apex  has  not  so  large  a  diameter  as  the  infarior 
part,)  but  since  the  redaction  in  diameter  is  somewhat  sudden,  and  is  foond  oosly  very 
near  to  the  terminal  part  of  the-  stem,  it  is  more  trathiul  to  state  that  the  figure  of  the 
stem  is  a  truncated  cylinder  than  a  cone. 

In  afiihese  respects  ih»  stems  of  endogens  sre  very  unlike  the  strans-of  coDogans. 

Tli#'De80Midisg  Amto'iogBfOot.— ^Having  nsfw  oompieted  oiBEaoeomit  of  stems, 
it  win  be  more  eosvenient  to  state  the -Httle  whidi  may  be  necessary  respecting  roots, 
before  we  proceed  to  a^description^  of  the  numeKOus  and  complex  stnietvrss  which  are 
attached  to  stems. 

We  have  already  stated  that*  the  stem  and  root  proceed  inithe  seed  from  a  eentral 
spot  termed  the  collom,  and  that  they  hence  take  opposed  direction8,-Hihe  stem 
ascending,  the  root  or  radicle  descending.  This  direction  of  the  root  is  almost  tud- 
versal;  and  wherever  it  is- once  attained,  no  power*  short  of  J&e*  death  of  the  plant  can 
prevent  its  progress. 

As  the  root  naturaSy  seeks  to  bury  itsdf  in  a  medium  much  more  dense  than  itself, 
it  is  so  formed  that  its  extzemity  has  but  a^  very- minute  diameter,- and  at  that  exiremily 
it  is  composed  of  Jhe  most  delieate  structare.  The  vital  process  of  ^growth' enables  it  to 
insinuate  itself,  without  injury,  between  stones  and  ether  resisting  substaDoes.  Thus 
-  the  root  has  natnrally  a  conical  figure,  with  its  base  opposed*  to  the  base  of  iihe  stem. 
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■and  tiie..w]iols'9hmt  may  be  said  to  ooiudst  of  two  concsy  attaehed  hj  theix. bases.  The 
thickier  -ptat  of  the  lOot  is  teemed  the  caudex,  the  miimte  apex,  ike  JiMllayBXkiBL.  its 
tenninal  point,  the  spongMa.  Both  of  these  parts,  as  has  been  ptovedi^by  experi- 
moDta^  ha^84he  power  of  elongating  thems^ves,  but  more  especially  the  part  near  to 
the  free  exliemity.  Our  Headers  may.satisfy  themselTes  of  this  fact  by  taking  any  fast- 
growing  loot^  as  of  ahyadnth  growing  in  water,  and  tying  a  thread  anmndther  roots  at 
blown  intervals,  and,  aiter  'the  lapse  ai.  a  few  weeks,  aseertain,  by  idmeaanranent,  the 
total  and  relatiye  elongation  of  the  root  and  its  parts.  If  a  plant  ba  seleoted,^  the  root 
of  w^ich.  ^prows  in  the;gioand^  it  wdU  be  fbnnd  ihat  the  relative  properties  of  growth  of 
&e  npper^  as  eontrasted  with  the  lower  portion,  is  infinitely  less  than  in  plants  growing 
in  water.  This  is  to  enable' the  root  to  penetrate  with  less  difficulty  the  resisting 
msdiimi.  Lnihis  mode  the  roots  of  forest  trees  are  enabled  to  penetrate  the  soil  for 
sumy  ysods^rom  Ihe  base  of.  the  stem,  -so  as  to  enable  them  to  get  the  water  and  other 
artiefes'of  foodwhich  may  not  boTeadily  afforded  at  the  base  of  the  stem. 

l^&tissum  of  ^«^ch  the^zoots  are  composed  are  nearly  the  same  with  these  of  the 
stem,  viz.,  woody  fibre,  ducts,  and  cellular  tissue.  The  woody  fibre  does'not  penetrate 
into  -&e  fqpongiolesj  but  is  restricted  to  -the  parts  immediately  above  it,  whilst  duets  and 
eeiilnlar  tissue  wcmeet  with  exehisivdy  in  those  organs.  The  reason  of  this  arrange- 
Bie&t  IB  that  the^iqmDgiole  is  an  organ  of  absorption  as  well  as  of  growth,  and  by  it  all 
the  flai48  -vidiich-mitar  the  plant  are  introduced ;  it  is,  therelbre^  not  restricted  to  one 
point,  ^aa  the-^apex  of^4he 
root,  bat  is  fim&d  on  varivas 
parta-of  it  (as  may  be  seen 
onthsade  of  the  radish), 
whenever  ttbsoi;ytioa.ean^ 
effected;  and  it  is  of  the 
gnateet  ampoitanoe,  in 
transplanting  trees,  to  avoid 
the  destmotixm  of  too^mauy 
of  ihe8»  daliooteihreadi-like 


strict  the  term  spongiole  to 

the  W9rj  .^ddasematy/of  :the 

deUsatetitlnrffla,   whiehriis 

aomffirhat'  tumped ; :  and 

tiiraaJt  is  said  toieoncist 

of  a  mass  Jof^usmall  cells. 

This  ia.pEobaU.ythe  tsuc 

■totemait  of .  the  ;iease,Lias 

may  be  seen  by  placing  a 

thin'eeaki0a<i>f.^e  endof  a 

root  of  the\s£adiahi>Hnder 

the  mioroflB^e ; .  JBd  then 

we  most  UOgard  the  duets    Sig.  148.->Ihe  Pamdakvs,  or  Sonsw  Fikk,  csnittingr  a&ial  roots 

to  which  it  leads  as  organs       ^^.^^^  ^bSity'^to  SeVJ^''^^  "''''  "^^  ^"""^^  *^*'''' 

destined    tO'^oomrey  >£uids 

fi^om  the  jpoQgiole  to  ihe  eandez.  of  the  root.   The  spongioles  have*  also  ihe  power  to  emit 

&ont  the  loot  effete.and  deletevMMia  siibstanoes.    Thus  it  is  said  that  trees  (as  a  pear 
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tree)  will  not  grow  upon  the  spot  where  a  tree  of  the  same  species  recently  grew;  and 
that,  not  hecause  the  soil  was  exhausted,  hut  that  a  poisonous  excrementitious  matter 
had  heen  deposited  there  by  the  roots  of  the  former  plant. 

There  are  certain  plants  which  emit  their  roots  above  the  surface  of  the  soil,  as  the 
Pandanus  or  Screw  Pine  (Fig.  148),  and  the  Mangrove  tree.  Such  roots  are  termed 
aerial  roots ;  since,  until  they  have  sufficiently  elongated  to  reach  the  earth,  they  remain 
above  the  ground.  Their  natural  tendency,  however,  is  to  bury  themselves  in  the 
ground,  and  they  become  eventually  roots. 

Boots  vary  greatly  in  figure,  and  therefore  demand  special  names;  the  most  conmion 
is  the  fibrous,  as  in  the  oak  and  forest  trees,  where  the  body  of  the 
root  is  divided  into  many  smaller,  elongated,  conical  portions.  If 
there  is  but  one  conical  elongation,  the  root  is  termed  fimform. 
When  the  root  seems  to  terminate  suddenly  at  the  body,  it  is  termed 
premorsey  or  bitten  off;  if  it  be  fleshy,  and  divided  into  several  globose 
parts,  it  is  known  as  many-headed^  or  as  tt4bercles  in  some  of  the 
orchids. 

It  is  often  of  importance  to  distinguish  accurately  between  an 

underground  stem  and  a  root ;  this  is  chiefly  effected  by  negative 

evidences.    Thus  a  root  has  none  of  the  appendages  of  the  stem, 

such  as  leaf  buds,  leaves,  scales,  scars,  and  stomata ;  and  in  exogens 

it  has  no  pith.      Some  roots  have  the  power  of  forming  adventitious 

buds,  but  the  buds  never  proceed  in  a  regular  manner  from  fixed 

points.     So  also  with  branches,  when  they  occur ;  they  proceed  not 

Fiff.  149.— A  fleshy  ^^o°^  ^^^  buds,  but  in  an  irregular  way  from  any  point  of  the  surface. 

flbrous  root.  By  these  various  signs  we  infer  that  such  enlarged  parts  of  plants, 

d* The fibrilleei with  as  the  potato,  turnip,  and  radish,  are  true  stems,  although  they 

theterminalspon-  aj-g  situate  under-ground,  and  that  they  give  off  the  true  flbrilUe  or 

roots  from  their  apices  or  sides. 

Appendages  of  the  Stem.— Under  the  head  of  appendages  of  the  stem  or  axis 

we  shall  have  to  consider  the  respiratory  and  reproductive  parts  of  plants,  such  as  the 

loaves,  flowers,  and  fruit,  with  their  subordinate  structures,  and  shall  take  them  in  the 

order  in  which  they  appear  upon  the  stem. 

Leaves. — ^The  leaf  is  the  type  of  construction  of  all  the  appendages  of  the  axis,  no 
matter  how  developed  soever  may  be  their  external  conflguration.  It  is  therefore  not 
only  imperative  to  a  right  understanding  of  other  organs  that  these  should  be  well 
studied,  but  a  knowledge  of  the  composition  of  the  leaf  is  the  readiest  mode  of  becoming 
acquainted  with  the  structure  of  its  prototypes.  We  wHl,  therefore,  invite  our  reader 
to  bear  in  mind  that  the  immense  variety  in  the  figure  of  the  leaf,  and  in  the  leaves 
and  other  parts  of  the  flower  and  fruit,  does  not  imply  any  difference  in  stnictore,  but 
that  a  knowledge  of  one  is  a  knowledge  of  all. 

The  leaf  is  technically  said  to  be  *^  an  expansion  at  the  back  of  the  base  of  a  leaf- 
bud  ;"  but  such  a  definition  gives  no  idea  of  its  structure.  A  more  tangible  definition 
is,  that  it  is  a  flattened  and  expanded  stem ;  for  every  structure,  which  enters  into  the 
composition  of  the  stem  and  none  other,  is  present  in  the  leafl  Thus  there  is  cellular 
and  vascular  tissue  inclosed  on  each  side  by  a  cuticle. 

The  leaf  is,  for  the  most  part,  a  flattened  organ,  having  two  surfaces,  a  pcigina^  a 
border,  a  bore,  and  an  apex,  the  whole  of  which  constitutes  the  lamina  or  blade ;  and 
frequently  it  is  connected  with  the  stem  by  a  foot-stalk  or  petiole.     The  surface  is 
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commonly  marked  l>y  a  number  of  ridges  which  are  called  veins,  and  which  consist  of 
woody  tissue,  spinal  yessels,  and  oeUular  tissue ;  and  they  are  retained  in  their  position, 
and  the  intervening  spaces  filled  up,  by  cellular  tissue.  The  tissues  of  the  veins  are 
brought  in  closer  proximity  in  the  petiole,  which  is  a  small  stem,  and  having  passed 
through  it  into  the  stem,  one  part  enters  the  bark,  whilst  the  other  traverses  the  wood, 
and  penetrates  to  the  medullary  sheath  at  the  centre  of  the  stem.  Thus  every  leaf  is 
in  direct  communication  with  the  stem,  and  not  only  so  but  it  is  a  prolongation  of  the 
verjr  pith,  spinal  vessels,  and  wood  of  the  stem.  The  similamty  between  the  leaf  and 
the  stem  may  be  carried  yet  further,  for  not  only  do  the  same  structures  enter  into  the 
composition  of  both,  but  in  both  there  is  a  double  set  of  vessels,  one  of  which  conveys 
the  fluid  from  the  root,  and  the  other  back  again  towards  the  root.  The  only  difference 
between  a  leaf  and  a  stem  is,  that  the  parts  of  the  stem  are  more  widely  distributed  in 
the  leaf,  and  there  is  an  increased  quantity  of  cellular  tissue  to  fit  them  for  their  pecu- 
liar fimiBtions.  • 

We  have  already,  in  aprevious  page,  described  the  cuticle  of  leaves,with  its  appendages, 
and  may,  therefore,  at  once 'proceed  to  consider  the  internal  structure  of  these  organs. 

The  veins  of  leaves  are  distributed  on  an  imiform  plan,  and  not  as  a  matter  of  acci- 
dent, and  may  be  arranged  under  two  heads— tnie.,  the  venations  of  exogens  and  the 
renations  of  endogens.  The  leaf  of  an  exogen  is  said  to  be  reUculatedy  and  that  of  an 
endogen  ttraight  or  parallel  veined. 

The  venation  of  an  exogen,  as  an  oak  or  the  holly,  consists  of  a  central  midrib  and 
a  series  of  festoons,  arranged  on  either  side  of  it 
(Fig.  150).  The  large  branches  proceeding  from 
either  side  of  the  midrib  are  termed  primary  veins 
(2);  and  after  they  have  proceeded  for  some 
distance  towards  the  edge  of  the  leaf  they  form 
a  series  of  curves  by  which  they  communicate 
with  each  other,  and  which  are  termed  curved 
veins  (3).  The  curved  veins  in  their  turn  be- 
come trunks,  from  which  other  and  lesser  veins 
are  given  off  (4),  which  from  their  relative  positions 
are  known  as  the  external  veins;  while  others, 
of  a  still  smaller  size,  distributed  to  the  mar- 
gin of  the  leaf,  are  termed  marginal  veinlets  (5). 
Thus  fer  all  the  veins  have  proceeded  fix)m  one 
source,  and  clearly  belong  to  one  system,  being  a 
series  of  arches  placed  upon  each  other,  and  all 
resting  upon  the  midrib.  But  besides  these  veins 
there  are  others,  which  may  be  said  to  belong  to  an 
inner  system.  Thus  the  aortal  veins  (6)  are 
small  branches  which  proceed  from  the  midrib, 
at  points  intermediate  to  the  primary  veins ;  whilst 
the  branches  of  the  primary  veins  themselves  are 
termed  proper  veinlett  (7),  and  their  anastomoses 

eonmoH  veinlets  (8).  Such  is  Dr.  landley's  arrangement,  and  it  is  one  which  merits 
approbation. 

It  must  not  be  supposed  that  these  systems  of  veins  can  be  traced  in  all  leaves ;  for 
in  the  leaves  of  mosses,  and  other  plants  of  the  lowest  class,  there  are  no  veins ;  and  in 


Fig.  150.— representing  the  complete 
venation  of  an  exogenoos  leaf,  as  in 
the  ilex  or  holly. 

1.  The  midrib. 

2.  The  primary  veins. 

3.  The  curved  veins. 

4.  The  external  veins. 

5.  The  marginal  veinlets. 

6.  The  cortal  veins. 

7.  The  proper  veinlets. 

8.  The  conunon  veinlets. 
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I  ceitain  thick  fleshy  leseres,  as  those  of  the  aJoe^Lthe  yons  an.altdgBiksr  coamakL 
j  Th&fiiBtiira«  called  «A»M^  and  the  last  MMmvemt. 

The  Tenstioii  of  .endogeneous  plants  offebr  a  wide  conttas^r'to  the  laregviag^  sinee 
there  «re  no  retioidatians^- and  the  yehiB.'Tnarin  neaarlj  parallel 
lines'  (Fig.  151).  Such  leayes  asser  found  dn  gmaesy-  ini  pahni) 
and  in  .many  exotics  grown  in  hot^homee.'  Thisy  tanti&tmti 
straiyhuveined^  and  tiieir  yariatlonB  Qaons^n^BBDB^^Gi(  a  'sesiBSof 
primny  yeins^  running  paiafielwitii,  and  ptooeeddngt  finuij:  the 
base  of  the  midifb,  and:. by  a  transrenv  arnoigement'Of  'pri^er 
veinlets.  Ah&endogenous  plant  may  therefore  be  distingmBlsed 
£nim  an  exogenous  one  by  the^absence^  allretocnlstidn'inihe 
yenationof  its  leaf. 

There,  is  a  kind  of  exogenous  let;^  which'  dosdyt  resembles 

the   straight-yeined  or   endogenous   leaf — viz.,  the  riJM,  ia 

which,  three  or  more  midxiibs  spriitg:£N>m^  oroieaiB'tOy  thebasO'Of 

the  deaf;,  but '  it  difEisrs .  in^  haying  -a  .retwalation-of  -  small  yeins 

^^^V^^ir'^ndo^'ncOTS  l^etWJeen  the  ribs;    When,  the  jnidrihsiproeeedfeom  the  basej  the 

leaf,     sliowiiig-    its  leaf  is  saidtobe  fAr<p'{or  more)  riHed';  batwiien  they  origiQate 

if  Thf^idrilL*  *^**^®  -  above,  the  base  the  distinguiflhing  teEm.^r^AMrOM^  is 

2.  The  primary  veins,  given. 

lefs.^"^'^^'*^'  ""^^        Thereiare  other.arrai^gemente.of  yeiiMi,.afi  ik&iepud^m^ of 

ferns,  the  netted,  the  euirv9^9eimd, .  ^JMrTrttdtatmgtf  and  foathet- 

veined;  but  they  are  not  of  sufficient  importance- to  merit  fuxtiier  nottcet . 

Whatever  may  be  the  precise  distribiztion  of  the: veins,  thfeyaU.  tend  tow«»bt 
the  edge  or  border  of  the  leaf,  and  do  not  there  ^tenmnate^bnlt  are  refleet(id.baek<  upon . 
themselves,  so  as  to  be  accurately  applied' to  thb  under  sur£Bcet)ftheionfiiurirdescRbed. 
So  perfectly  is  this  effected  that  an  observer  cooM  not  detect  the  double  distribution  of 
veining  in  any  leaf  attached  to  the  tree,  and  it  is -only  when  the  lea£  istgieatly  decayed 
that  the  two  layers  become  separate.  If  suoh  a  leaf,  be-  handled^;  so  that  the  veins  on 
the  two  surface  be  drawn  asunder,  a  distinct  drHsionnof  the  stEnotore.will  be. perceived. 
This  division  may  be  accounted  for  in-twownys :  fixstj  thalrthere.is.suGh  a  process  as 
that  just  described ;  secondly,  that  both  sets  are  formed.at  the  same  time,  aad$'&onL  the 
earliest  moment,  are  connected  together  by  their  extremities;  and^thatasfthe  leaf 
increases  in  size  both  sets  of  vessels  elongate  equally  at  Sesame  moment.  It  must 
not  be  supposed  that  there  is  any  substance  intervening  between  the  two  sets  of  vessels, 
for  it  is  highly  probable  that  the  two  sets  form  but  one 'bundle. . 

The  importance  of  clearly  establishing-  the  existence  lof  a  double  set  of  vessels  is, 
that  there  is  clearly  a  double  current;  one  by  which  the  sap  i&>eamed  to  theiea^and 
the  other  removing  it  from  that  organ.  The  former  oeeupies  the  upper,  and  the  latter, 
the  under  siurface  of  the  leaf. 

We  have  already  intimated  that  the  veins  consist  of  bundles  of  woody  fibre  and 
spiral  vessels,  with  a  prolongation  of  the  cellular  pith  of  the  stem. 

The  cellular  structure  of  the  leaf  is  somewhat  peculiar,  and  is  admirably  adsfpted  to 
the  lung-like  fimctions  of  that  organ.  It  is  divisible  into  two  portions,  a  eutiadar  and 
9.  parenchymatous  (Fig;  152).  We  have  already  fully  explained  the  struotme  of  the 
cuticle  in  leaves,  and  shall  only  further  add,  that  the  cuticular  cells  vary  giealily  in 
size,  figure,  number  of  layers,  thickness,  and  hardness ;  but  that  as  araiethOTe  are- two 
layers  of  cuticular  cells  on  each  surface  of  a  leaf.    The  parenchyma  of  the  leaf  eonsists 
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Fig.  152i*-A  vertical  seetioxLof  the  leaf  of • 
the  Ewmymua  japonicus^  exhibiting  the 
cutioiil«aiidpu«BetayniBtoosstx«ct»rei^ 
a,  the  cuticalar  cella  of  the  upp^r^sum 

face. 
6,  the  caticnUr  edls  of  the/lowe»  sufw 

face,  with  stomata  at  e. 
c,  the  loww  ope©  parenchyina,  "wifli  the- 

air  ohaoabersof  the  stooaoAta,  at  d^ 


of  several  .la^sBn^ofrBomewhat  lasge  and  thiokfmBd  cells,  wliioh  ha^  the  power  o£ 

rffnuBning- <liateBdBd^  even  wliea  examined  under- the. miofMoepe^a  q<ai^ity  irMeiiy  im 

seae  iiiBtaiicei^iB  aanated  by  the  preieiiee  o£  a 

spiral  fibre -^thm  eaeh.  cell  (Fig.  44).    Thew 

cdle  alee  yerj  freely  communicate  witii  each 

other  (Fig.  162).     It  may  be  fairly  questioned 

if  thiit  is'iu^i  a  peculiar. stfuotixre,  since  it  is 

admitted  that  the  ceU-«wdls  «ie  not  peiCeet, 

and  it  IB  ceitainkthat  they  do  not  coilapse^wlien 

cutopen.  BO  readily  aa  other  ceUs» 

The  coBfuemena  of  the  paBuiohyma«re  the 

cuticQlar  celb  abore.  and;  below,  and  ithe  yeins 

of  the  leaTes  -wbidb  pass^througk  it.    It  is  alao^ 

uBlike>«H  other  edls,  ezpoaedto  the^direct  ao* 

tion  o£  the  atmoifliere,  sinoe  itreceiyes  air 

thnrngfa.  the  stomata,. whidh.  haye  their  cham- 

beis  within  its  structure. 

The  functions  of  the  pasenohyma.iatojre* 

ceiye  the  juicee  from  the  upper  layer  of  yeinB, 

and,  by  the  exposure  of  them  to  the  atmosphere 

and  oiher  infldenoes^  to  elaborate  Uiem,  and 

thua  to  yi^d  them  up  to  the  under  or  recombflOBt 

set  of  yes8el8,vto  be  retuTBed.tO'4JiLe«tem  of  the 

plant.        It  is.  thteefore  semewikat  the  ana^ 

logne  of  both  6ie'  lungs,  and  the.  stemaoh  in 

animals,  for  it  pegAmm  the  functions  of  both  these  organs.    All  the  fumstiona  of  re»^ 

piiation,  which  are  attributed  to/the  stomaita^  are>  fainLy.  due  to  the  paxcneihyma  of 

leaves ;  for  the  former  bear  to^.tho' latter  onlytihe  relation  which  the  moudt  ind  wind* 
pipe  do  to  the  lungs.  The  parewdiyiaEa,  in  cemmen  with  the  cutioidar.oells,  is  usually: 
of  a  green  colour,  from  the  presenee  of  stareh  and  ddorophyle  within  the.*  ceUs^ 

Form  of  Lmtm.^-Tht  form,  of  leayes  is  y«ry  yaxied^- 
but  is.  permanent  in  the  same  species,  and  is  conse- 
quently the  result  of  design.  Exeept  inafbw  instances 
the  leai  is  neyer  so  far  modified  in  fonui  as  that  the 
functions  of  respiration  and  digestion  are  interfered  with, 
and  therefore  the  precise  neces- 
sity for  the  infinite  variations  is 
not  dear,  except  as  evidence  of 
that  Creator's  goodness  which 
cares  for  the  beauty  as  well  as  the 
utility  of  its  works. 

The  shape  or  outline  of  the  leaf 
dep^ids  on,  or  is  modified  by,  the 
length  and  relative  position  of  the 
veins.  When  the  midrib  divides 
into  branches,  and  when  all  the 
branches  diverge  in  the  same  plane, 
the  leaf  is  flat,  and  this  may  be  called  the  normal  state  of  leayes  (Fig.  163) ;  when 


^^y^^. 


Fig.  158.— Elm  Leaf. 


Fig.  154.— Leaf  of  Hy- 
drocotyle  vulgaris. 


Digitized  by  ^OOQIC 


96 


THE  LEAVES  OF   PLANTS. 


Fig.  155. 


the  veins  diverge  in  different  planes,  the  leaf  is  orbicular  (round),  as  the  leaf  of  the 
common  sheep-rot  {HydroeotyU  vulgaris^  Fig.  164).  In  succulent  or  fleshy  leaves,  such 
as  the  leaf  of  the  house-leek,  sedum,  several  pinks,  &c.,  the  veins  spread  in  different 
planes,  and  the  parenchyma  is  so  much  developed  as  to  conceal  the  veins,  which  con. 
sequently  are  neither  prominent  nor  visible,  as  they  are  in  the  greater  number  of 
leaves. 

The  leaf,  when  complete,  consists  of  two  parts  (Fig.  166),  fl,  the  petiole,  or  leaf- 
stalk; d,  the  lamina  or  blade. '^  The  petiole  connects  the 
leaf  with  the  branch  or  stem,  and  is  composed  of  the  imez- 
panded  bundle  of  fibres,  covered  by  the  epidermis ;  the  ra- 
mifieation  of  the  nerves  constitutes  the  skeleton,  and  the 
veins  and  veinlets,  with  the  cellular  tissue  and  epidermis, 
constitute  the  entire  leaf.  When  the  petiole  is  not  present, 
the  leaf  is  termed  tenUe.  Sessile  leaves  often  partially  or 
entirely  surround  the  stem,  and  in  this  case  they  are  termed 
semi-amplexical  or  ampkn^^  (half  embracing,  or  quite  sur- 
rounding the  stem). 
The  most  obvious  division  of  leaves  is  into  simple  and  com- 
pound. In  simple  leaves  the  limb  consists  of  one  piece,  either 
quite  entire,  or  variously  indented,  cleft  or  divided  at  the 
margin.  (See  Fig.  165,  an  entire  leaf;  164,  a  crenate;  and 
163,  a  toothed  or  incised  leaf.)  Compound  leaves  are  com- 
posed of  one  or  more  pieces,  called  leaflets,  each  of  which  is 
jointed  to  the  common  petiole  or  rach,  as  it  is  termed  when 
the  leaf  is  winged.  (See  Fig.  156,  which  represents  a  pinnate, 
or  winged  leaf.) 

Simple  leaves.— The  shape  or  contour  of  the  leaf  is  regu- 
lated or  modified  by  the  angle  of  divergence  of  the  lateral  or 
secondary  veins,  and  by  their  length.  When  the  divergent 
veins  are  but  sUghtly  distant,  and  extend  fix)m  the  base  to  the 
apex,  inclosing  only  a  narrow  slip'of  parenchyma,  the  leaf  is 

called  linear.     The  leaves  of  crrasses  are  familiar  ^$-  156.— ^t  the  rach,  b  b 
,         «    ■•  .     »  Tm  1  "  ^t  the   four  leaflets  of 

examples  of  this  form.     When  the  veins  extend     the  compound  leaf. 

from  end  to  end,  and  are  rather  more  distant  in  the 

middle  of  the  leaf,  the  lanceolate  form  is  produced.  In  these 
two  forms  the  veins  usually  diverge  at 
the  base ;  but  in  the  second,  viz.  the  lan- 
ceolate form,  the  relative  length  of  the 
secondary  veins  and  their  wideness  of 
angle  produce  a  lanceolate  leaf  (Fig. 
157).  When  the  secondary  or  branching 
veins  are  nearly  of  equal  length,  both  at 
the  base  and  apex,  the  leaf  is  elliptico- 

J'^'?f\         ,  *    f*;^*?;v  V      v    ^'^•^^®' lanceolate  (Fig.  158).    The  oblong  leaf 

Fie.  167.— Lanceolate  leaf  with  branching  nerves.  ,.^       j.         xt     i  xx  i     •     x.  • 

FiR.  i58.-Emptico-lanceolate  leaf.  Fiif.  159.-  differs  from  the  latter  merely  in  being 
Oblong  leaf.  rather  broader  at  the  base  and  tip  (Fig. 

159).    When  the  branching  veins  are  nearly  equal,  the  leaf,  being  obtuse  at  both  ends, 

is  called  a  rounded  leaf. 
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All  these,  aad  maay  other  forms  of  simple  leavos,  depend  upon  the  relative  propor- 
tions of  development  in  the  longitudinal  and  lateral  directions ;  for  in  every  case  the 
apex,  or  free  end  of  the  lea^  is  first  formed,  and  then  the  hlade  enlarges  in  hoth  direc- 
tions. Aa  a  rule,  the  growth  proceeds  more  longitudinally  than  transversely ;  and 
thenoe,  for  the  most  part,  leaves  are  longer  than  broad.  Bat  when  it  is  equal  in  all 
directions,  the  orbicular  or  rounded  form  of  leaf  results.  Again,  the  lateral  develop- 
ment never  proceeds  equally  from  the  base  to  the  apex  of  the  midrib,  but  is  usually 
greater  at  the  former  than  the  latter,  thus  constituting  the  ovate  forms  of  leaves.  In  a  few 

instances,  however,  the  contrary  is  observed,  as 
in  Figs.  160,  161 ;  and  it  obtains  the  prefix 
ob — as  obovate  or  obcordate.  When  develop- 
ment proceeds  regularly  in  these  two  directions 
the  surface  of  the  leaf  is  flat,  and  may  be  fami- 
liarly represented  by  the  palm,  or  aspect  of  the 
hand  with  the  fingers  outstretched;  but  when 
between  any  two  veins  or  fingers  the  transverse 

development  is  uneven,  a  degree  of  puckering 
Fig,  161.-Ob-cordate  ^^  ^^^^^  ^  ^  ^^  ^^^  ^^  ^^^  ^^^^  ^j^^y    j^ 

a  few  instances  of  tolerably  even  growth,  the 
resulting  leaf  ifi  not  flat,  but  somewhat  tubular,  a^  may  be  imperfectly  shown  by 
contracting  the  hand  so  that  the  whole  thumb  and  little  finger  shall  approach  each 
other. 

The  most  frequent  variation  is  ihe  arrest  of  development  at  the  margin  of  the  leaf. 
If  the  lateral  development  were  complete,  it  is  clear  that  the  edge  of  the  leaf  would  be 
even  or  entire  ;  but  in  many  instances  it  is  incomplete,  and  thence  a  deficiency  ensues 


Hg.  160.~Obovate 
leaf. 


Fig.  162. 


Fig.  163.  f.Fig.  164. 

Fig.  162.— Serrate  leaf. 

Fif .  163.— Doably-serrate  leaf. 

Fig.  164— A  pinnatifld  leaf. 

Fig.  165.— A  doubly.pinnatifid  leaf. 


F!g.  165.  Figs.  166, 167. 


Fig.  166, 167.— HasUte  and  lyrate-shaped  leaves. 

which  gives  a  tooth-like  or  crenate  appearance  to  the  edges  (Fig.  162).     Such  a  leaf  is 
ermed  aerraiid,  toothed,  or  crenate.    The  extent  of  this  deficiency  varies  much,  and 


ORGANIC  NATURE.— No.  XVI. 
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thence  the  figure  necessarily  changes.  Thus,  when  it  is  much  greater  than  that  of  a 
serrate  leaf,  the  leaf  exhibits  a  series  of  lateral  prolongations  or  lesser  leaves,  the 
attached  end  of  which  is  yet  distant  fix>m  the  midrib,  and  l^e  whole  is  termed  pinnatifid 
(Fig.  164).  In  other  instances  the  arrest  of  development  is  equally  great  at  oertain 
points  with  the  pinnatifid  leaf,  but  is  not  so  universal ;  and  thence  a  lyre-shaped  or 
halberd-head  shax>e  results,  as  in  Figs.  166  and  167. 

In  all  these  examples  the  longitudinal  system  of  development  is  perfect,  and  the 
lateral  deficiency  is  so  arranged  that  the  edge  of  the  dentation  is  entire ;  but  in  many 
cases  the  latter  is  so  modified  that  the  dentations  are  themselves  dentated  or  serrated. 
Such  leaves  are  known  as  doubly-serf^ated  (Fig.  163),  and  doubly-pinnatifid  (Fig.  165). 
When  the  longitudinal  system  is  modified,  at  the  same  time  that  the  transverse  develop- 
ment is  restricted,  the  leaf  puts  on  a  lobed  character.     Such  is  represented  in  Figures 


Kg.  168.  Hg.  169. 

Fig.  168.— An  angtilar-lobed  leaf. 

Fig.  169.— An  orbicular-lobed  crenate  leaf. 

Fig.  170.— A  palmate  or  deeply-divided  lobed  leaf. 


Hg.  170. 


168  and  169,  in  both  of  which  the  modification  is  but  slightly  evident ;  but  in.  others 
the  division  of  the  lobes  is  so  great  that  the  line  of  separation  passes  nearly  to  the 
petiole,  as  in  the  palmate  leaf  shown  in  Fig.  170,  and  quite  to  the  petiole  and  primary 
veins  in  the  Water  Crowfoot  {Eanunculus  aquatilis). 

It  is  not  necessary  that  we  should  enter  minutely  into  the  mode  of  development  of 

every  variety  of  leaf ;  and  it  is  probable  that  we 
have  already  given  such  examples  as  will  enable 
the  reader  to  apply  the  principles  now  enunciated 
to  any  other  form  which  may  present  itself. 
We  shall  therefore  only 
n^me  a  few  other  forms 
which  are  not  unsusaUy 
met  with.  The  rcniform 
or  kidney-shaped  leaf  is 
represented  in  Fig.  172  ; 
cordate  or  heart-shaped, 
and  sagittate  or  arrow- 
shaped  (Fig,  173). 

Leaves  are,  for  the.  most  part,  developed  sym- 
metrically— that  is,  each  half  closely  resembles 
the  other ;  but  in  some  instances  this  rule  is  not 
observed.    Thus  in  the  Begonia  the  leaf  is  mani- 
festly unflymmetricalf  having  one  side  far  less  developed  than  the  other ;  and  in  some 


Fig.  172.— Reniform  or 
kidney-shaped  leaf. 


Fig.  173.— Arrow-he«4ed  leaf  of  tbe 
Sagittaeia  {Sagittee  folia). 
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of  our  ordinaiy  trees  the  tnnsveree  derftlopnieBt  commences  on.*  ooe-  side  whilst  it  is 
abeent  on  tho  other.     Such  is  diown  intiie  eim  leaf,  Fig.  158. 

Compound  Leaves  have  already  been  defined  to  consist  of.  seTeral  pieces  connected 
together  at  one  extremity  by  liie  petiole,  the  whole  of  which  taken  together  constitutes 
the  leaf.  There  is  also  another  explanation  of  the  teem,  to  which  we  shall  refer  pre- 
sently. Compound  leares,  then,  are  lobed  or  pinnatifld  leaves,  wit&  the  divisioos 
carried  down  to  the  midrib  or  petiole.  In  their  first  development  they  appear  as  sim- 
ple learyes  only;  and  in  their  subsequent  progress  may  still  be  regarded  as  simple 
leaves  with  extreme  subdivisvm.  This  may  be  at  once  appreciated  if  Fig.  164  be  con- 
trasted with  Fig.  173 ;  or  Fig.  170  with  175  ;   or  Fig.  168  with  the  Strawberry 


Fig.  174.  Fig- 175. 

Fig.  174.— A  leaf  of  the  Gluditsia  (one  of  the  Acacias),  showing  pinnate  leaves  bscoming  bipinnate, 

and  clearly  exhibiting  the  mode  in  which  many  leaves  are  formed  from  one  simple  leaf. 
Fig.  173.— A  pedate  compound  leaf  of  the  Hoaa*  Chestmut  {Fagtis  castanea). 

leaf.  Fig.  176 ; — in  all  of  which  the  reader  cannot  fail  to  observa  that  this  mode  of 
division  of  leaves  into  simple  and  compound  is  purely  artificial.     The  divisions  of 


Fig.  176. 


Hg.  177. 


Fig.  176.— A  STRAWBURix  leaf,  divided  into  three  leaflets. 
Fig.  177.— Oppwit«i9iniiat«lMWCB,with.iiermin«l  leaflet. 
Fig.  178.*-An  interruptedly,  piaaate  leaf. 

a  compound  leaf  are  termed  Uafleta;  and,  for  the  most  part,  each  leaflet  is  o£  awller  ! 
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size,  both  longitudinally  and  transyersely,  than  simple  leaves.  They  are  subject  to 
great  variety  of  forms ;  and  in  their  development  are  guided  by  similar  laws  to  those 
already  explained  in  respect  of  simple  leaves. 

The  most  common  form  of  compound  leaf  is  the  pinnate  (Fig.  180),  in  which  there 
are  a  series  of  small  leaves  arranged  on  each  side  of  the  midrib.  Wlien  they  are  in 
pairs  on  opposite  sides  of  ike  midrib,  they  are  said  to  be  opposite;  and  when  single 
they  are  termed  alternate.  In  many  instances  the  leaf  is  terminated  by  an  odd  leaflet 
(Fig.  177),  and  the  branch  is  said  to  be  determinate;  when  otherwise,  the  development 
of  the  leaflet  has  been  arrested ;  and  if  no  flower  exist  at  the  end  of  the  branch,  it  is 
called  indeterminate.  An  intermediate  condition  is  foimd  in  such  leaves  as  have  small 
foliaceous  organs  attached  to  the  midrib  between  the  leaflets ;  and  then  the  leaf  is 
termed  interruptedly  pinnate  (Fig.  178).  It  is  understood  that  the  normal  arrangement 
of  the  leaflets  is  alternate,  as  may  be  inferred  from  a  consideration  of  Fig.  150  ;  for  it 
is  there  seen  that,  although  each  side  is  symmetrical,  the  primary  veins  (which  would 
form  the  midribs  of  the  leaflets  of  a  compound  leaf)  do  not  leave  ihs  midrib  at  points 
directly  opposite  to  each  other.  This  is  also  deduced  from  the  observation,  that  at  the 
formation  of  the  first  leaf  at  the  first  node  (see  page  58),  there  is  no  opposite  leaf,  but 
that  one  is  subsequently  formed  at  the  next  node ;  and  hence  it  is  inferred  that  when- 
ever leaves  are  placed  opposite  to  each  other,  as  seems  to  be  the  rule  in  the  development 
of  the  leaflets  of  a  compound  pinnate  leaf,  there  has  been  the  suppression  of  an  inter- 
vening leaf  and  node.  This  suppression  is  carried  to  a  yet  greater  extent  in  the  arrange- 
ment of  leaves  in  wkorh  (Fig.  179) ;  for  then  not  only  are  there  two  opposite  leaves, 


Fig.  179.  Fig.  180. 

Fig.  179.— A  whorl  of  leaves  sarrouiidlng  the  stem. 

Fig.  180.— Representing  at  a  the  pinnate,  and  at  h  the  bipinnate  arrangement  of  leaves. 

but  the  number  is  increased  to  four,  six,  or  more.  In  such  instances  there  has  been 
an  absence  of  as  many  nodes  as  there  are  leaves,  except  one.  We  may  also  explain  the 
formation  of  leaves  in  whorls  on  the  same  principles  that  we  have  applied  to  pinnato 
leaves,  viz.,  that  they  are  all  the  produce  of  a  divided  simple  orbicular  leaf,  as  in  Fig. 
154,  in  which  each  leaf  incloses  one  primary  vein,  whilst  a  pinnate  leaf  is  in  like 
manner  the  product  of  the  division  of  such  a  leaf  as  delineated  in  Figs.  157  and  158. 
This  arrangement  of  leaves  into  alternate,  opposite,  and  whorled,  is  also  applicable  to 
leaves,  of  whatever  kind,  arranged  around  the  whole  branch  or  tiee.  In  many  instances, 
and  especially  in  the  VmbelUfera,  the  pinnse  of  the  pinnate  leaf  are  themselves  sub- 
divided, and  then  the  leaf  is  termed  bipinnate  (Fig.  180),  and  is  analogous  to  the 
douMy-pinnatifid  leaf  in  Fig.;i65. 
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Fig  181.— The  compoand  leaf  of  the 
orange,  with  the  articulation  re- 
presented at  a. 


In  other  instances  the  leaflets  are  not  arranged  in  a  pinnate  manner,  but  form  a 
land  of  tuft,  as  in  Figs.  175  and  176 ;  but  eyen  in  such  cases  there  is  no  difficulty  in 
tracing  an  analogy  between  them  and  the  whorled  form  of  leaves  shown  in  Fig.  179. 

We  intimated  at  the  head  of  this  section  that  there  is  another  form  of  compound 
leaf  besides  that  now  described,  and  it  is  one  which  is  based  upon  distinct  anatomical 
charactera.  It  is  such  leares  as  are  connected  with 
the  petiole  by  means  of  an  articulation  or  an  im- 
moTeable  joint.  If  tho  leaf  of  an  apple  or  an  oak 
tree  be  examined,  it  will  be  seen  that  the  midrib 
passes  uninterruptedly  down  into  the  petiole ;  but 
the  leaf  of  an  orange  presents  a  transverse  line  with 
a  slight  swelling  on  either  side  of  it  (Fig.  181  a),  and 
at  this  point  the  blade  of  the  leaf  may  be  somewhat 
readily  broken  from  the  petiole.  There  is  no  arrest  of 
circulation  at  this  place,  although  the  separation  is 
easily  effected,  for  the  vessels  pass  uninterruptedly 
from  the  petiole  to  the  midrib.  It  is  thus  not  easy 
to  show  how  or  why  such  an  anatomical  peculiarity 
should  exist ;  for  the  common  opinion,  that  it  is  the 
terminal  leaflet  of  a  compound  leaf  with  the  lateral 
leaflets  undeveloped,  does  not  much  help  us.  It  is 
also  found  in  the  common  berberry  {Berhertt  wd- 
9ari8\  and  in  a  few  other  plants. 

We  have  already  stated  that  a  leaf  without  a 
petiole  is  termed  aeasilej  or  sitting,  but  when  it  en- 
tirely surrounds  'the  stem  it  is  known  as  perfoliate  (Fig.  182),  and  when  it  runs  down 
the  stem,  as  in  certain 
thistles,  it  is  called  dceur^ 
rent  (Fig.  183). 

The  petiole,  or  foot- 
stalk of  the  leaf,  is  the 
assemblage  of  the  veins 
of  the  leaf  which  con- 
ducts the  juices  to  and 
from  the  stem.      As  it 
contains  all  the  vessels 
of  the  leaf  it  must  pos- 
sess two  sets  of  vessels,  one  devoted  to  the  conveyance  of  fluids  to,  and  the  other 
from,  the  leaf.      There    are    also   spiral  vessels  and  so  much  cellular   tissue   and 
cuticle  as  may  connect  and  inclose  the  vessels  in  the  most  compact  forms.     The  figure 
of  the  petiole  is  rounded ;  but  in  many  instances  the  upper  surface  has  a  channel,  and 
thence  is  called  gutter-shaped.     In  other  cases  it  is  perfectly  flat,  or  has  processes  on  its 
sides  which  give  it  the  appearance  of  winged ;  or  it  is  rigid,  twisted,  or  hooked.     The 
grasses  and  the  Ranunculacese  have  a  sheathing  petiole,  or  one  which  passes  down  the 
stem,  and  is  so  large  as  nearly  to  embrace  it.     It  has  at  its  point  of  connexion  with 
the  blade  a  little  organ  found  universally  in  grasses,  called  the  ligula  (Fig.  184  a).     The 
petioles  of  the  leaflets  of  a  compound  leaf  ore  termed  petiolules. 

The  distal  extremity  of  the  petiole  is  the  part  first  formed  in  the  bud ;  and  when  at 
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184.— A  «tem 


lengtiiiihe  whole  ia^etSaoteditmtty'he  so  loloaeljr  eomiected  with  the  stem  that  it  does 
xiat.bD8ak.off  whea  the. leaf  has  decayed,  butihaags  with  the  renains 
o£  the  loaf  imtil  i^Q  foUowing  reason*  A  stem  thus  eoYored.is  said 
te  he  mduviate;  hut  in.  a  majority  of  cases  the  petiole  faUs  from  the 
stem,  and  leaYos  a  mark  which  is  known  as  the  cieatricule.  The 
angle  between  the  point  of  insertion  of  the  petiole  and  the  stem  is 
termed  the  axile  or  axilla^  and  is  the  normal  position  of  the.Ieai^bud 
andihe  flower. 

Petioles  have  seyeral  important  modificsations.  Thus  in  certain 
so-oalled  leafless  jdants,  as  the  aoaoias,  they  assume  the  f  unctioa  of 
leaves,  and  are  \jexxnedph^lodM;  but  that  they  are  yeritable  petioles 
is  proved  by  the  fact  that  they  bear  leaflets  at  the  earliest  stage  of 
their  development,  and  have  parallel  veins,  although  occurring  in 
of  a  grasis,  with  exogenous  plants.  Such  are  the  petioles  ia  the  Dmuotumu^uia  or 
*a  ^TCtioto   and   Genus's  fly-trap  (Fig.  1),  in  which  plant. they  are  ei^anded  laterally, 

liguk.  and  resemble  the  true  leaves.    This  modifloation  is  due  to  an  unu- 

c*  S^ui?^°^'        s^  development  laterally ;  but  theue  is  another  in  which  it  proceeds 

solely  in  the  longitudiiwldireotion-.  Such  arc  ieawf?-»&,  or  spiial^-spriag- 

looking  organs,  jQormed  sometimes  at 

the  free  ends  of  loaves,  as  in  the  pea, 

and  at  others  at  the  side  of  the  peticde 

itself,  which  twist  around  any  fixed 

body  to  seek  support  fw  the  xdimbing 

plant.    (See  Fig.  1850 

There  is  yet  a  still  more  curious 

modft^ation  of  development,  that  in 

which  the  petiole  enlarges,  not  only 

longitudinally  and   transversely  but 

within  itself,  by  the  separation  of  its 

vessels  and  the  increased  deposition 

of    connecting    cellular    substances. 

Thus    the    petiole    becomes  a  tube, 

closed  at  the  end  by  which  it  is  at- 
tached to  the  stem,  and  open  at  the 

other  which  is  opposed  to  the  blade  of 

the  leaf.     This  is  the  explanation  of 

the  formation  of  the  interesting  organs 

known  as  pitchers  (Fig.  186*,  p.  103) — 

the  pitchers  thamselves  being  the  peti- 
oles, and  the  moveable  lid  which  closes 

them   b^ng  the    true  leaf.      These 

pitchers  have  a  further   interest  in 

the  functions    assigned   to  them  of 

containing  a  watery  fluid,  and  in  the 

unique  fact  of  the  secretions  of  this 

fluid  by  certain  glands  funned  within   ^.     .^^  '  t.i,«  ♦^..  j«i,  ^.  ^i *  ^     *•  i  -^  -i. 

^.  ,    .    ,  T  ,  *^*ff*  185.— The  tendril,  or  elongated  petiole  or  midnb. 

tnem  at  their  base.    In  certain  plants 

they  are  true  fly-traps,  and  thus  become  direet  organs  of  nutrition  to  the  plant. . 
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Siym!»8  are  leaf-Jike  organs  oocurring  in  paire  at  the  -point  of  connexion  of  the 
potiole  with  the  §tem  (Pig.  184 •). 
T^ey  axe  formed  at  the  very  ear- 
liest appearoaee  of  the  leaf,  and 
then  are  seen  as  two  small  tu- 
mours, eoatiaaous  wi^  the  leaf- 
like expansion ;  and  since  they 
grow  more  rapidly  than  the  leaf 
itsolf,  they  at  length  hecome  ono 
of  its  proteetiye  coyerings.    They 


Ei^.iai*«— Apoirof  stipuleB,  Fiff.  185 ».— -Exhibiting  pitchers  of  various  piauts  produced 

I  6,  attachetl  to  a  stem  a,  at  from  modlfl6d  petioles,  a,  pitcher  of  sarracenia.  S,  pitcher 

the  base  of  the  petiole  d.  of  aepentes.    e,  pltcflier  of  cephalotus. 

I  usually  assume  all^e  external  characters  and  intemalanatomy  of  leaves  (except  in  size 
and  positiDn),  and,  no  donbt,  perform  the  functions  of  those  orgaiis.   In  certain  pod-hearing 

'  plants,  as  the  sweet  pea  {lathi/rus),  they  cannot  be  distinguished  from  leaves ;  and,  although 

:  they  appear  as  distinct  organs  in  certain  roses,  they  sometimes  subsequently  becom©  true 

I  leaves.    In  the  polygonums  and  rhubarbs  they  do  not  assume  this  leaf-like  character,  but 
appear  simply  as  a  membraneous,  almost  colourless,  sheath,  wMoh  surrounds  the  base  of 

I  the  petiole  and  the  stem,  and  is  known  as 

j  an  ochrea    (Fig.   186).     When  they   are 

I  found  at  the  base  of  the  petiole  of  a  pin- 

I  nate  leaflet,  they  are  distinguished  from 

;  the  stipules  of  the  whole  leaf  by   the 

I  term  stipels.    The  stipel  differs  from  the 

I  stipule  in  being  developed  after  its  leaf, 

I  and  in   prooeeding  in  its   growth  very 

I  slowly.      It  is  occasionally   difficult  to 
distinguish  the  stipule  from  certain  mem- 

,  braneous  parts  formed  at  the  base  of  the    ^'«'  186.-Showing  the  ochrea,  a,  or  sheath,  sur- 

,       ^xovt^  ^  rounding:  the  stem  in  the  polygonum,  and  which 

1  potiole  of  the  common  crowfoot  and  um-  is  a  modified  stipule, 
bellifers ;  and  in  most  monocotyledonous  or  endogenous  plants,  they  are  not  met  with. 
"We  have  now  completed  our  account  of  the  fully  developed  leaf,  with  its  lamina, 
petiole,  and  stipules,  without  having  as  yet  discussed  the  constitution  of  the  embryo 
leaf  or  leaf-bud,  because,  although  the  leaf  is  developed  from  the  bud,  and  the  bud  is  the 
first  to  be  formed,  yet  in  the  earliest  development  of  a  plant  tho  first  leaf,  is  produced 
without  a  bud,  and  passes  through  its  course  of  development  before  a  leaf-'bud  appease. 
The  leaf^bud  is  an  imbricated  or  scaly  coniform  organ,  placed  in  the  axis  of  a  leaf, 
and  is  a  rudimentary  leaf  or  branch  formed  as  the  growing  soason  is  about  to  close. 
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In  it,  therefore,  we  rather  find  the  place  and  the  nidus  in  which  the  leaf  will  be 
formed  in  the  coming  Spring  than  the  parts  of  a  leaf  in  a  rudimentary  condition. 
There  are  only  two  parts  which  need  attention — the  central 
growing  point  and  the  imbricated  scales  (Fig.  187). 

The  growing  point  is  coz^posed  of  ceUular  tissue,  pos- 
sessing special  powers  of  vitality  and  growth,  and  connected 
with  the  horizontal  system,  or  pith  of  the  stem.  There  are 
no  vascular  structures  within  the  point  itself,  but  spiral 
vessels  and  woody  fibre  approach  near  to  its  base  (Fig.  105  a). 
It  has  a  highly  important  function  to  perform,  for  not  only 
is  it  the  point  from  which  all  the  future  leaves  must  be 
developed,  but  it  is  probably  the  means  whereby  the  circu- 
lation of  the  sap  of  plants  is  again  effected  after  the  quietude 
of  the  previous  winter.  To  what  anatomical  part  of  the 
growing  plant  this  "  pumping "  power  is  to  be  attributed  is 
imlmown,  and  the  vital  principle  which  excites  it  to  action 
has  not  been  discovered ;  so  that  we  must  at  present  regard 
this  property  simply  as  being  a  part  of  its  constitution,  and 
of  that  of  the  plant  as  a  whole.  This  growing  point  has  a 
certain  analogy  with  the  embryo  in  the  seed;  inasmuch  as  both 
tend  to  growth  and  reproduction ;  but  they  differ  inasmuch,  that 
the  leaf-bud  needs  no  fertilization  for  its  development,  and 
propagates  the  individual  as  well  as  the  species,  whilst  the 
embryo  imperatively  needs  fertilization,  and  continues  the 
species,  not  the  individual.  There  is  also  a  resemblance  be- 
tween leaf-buds  and  bulbs,  page  71. 

The  imbricated  scales  (Fig.  187  b),  are  called  tegmenta  or  coverings,  since  their 

duty  is  to  protect  the  delicate  growing  point. 

They  are  foliaceous  organs,  and  are  con- 
sidered to  be  identical  with  stipek.     The 

outer  ones  are  usually  harder  and  of  ruder 

texture  than  the  inner  ones  or  those  more 

immediately  surrounding  the  growing  point ; 

and  in  cold  climates  a  further  protection  is 

afforded  by  a  thick  downy  covering,  as  in 

willows,  whilst  the  scales  are  thinner  and 

smoother  in   plants  growing    in  tropical 

regions.    All  the  scales,  at  least  in  many 

plants,     are    ultimately    developed     into 

leaves. 

The  normal  position  of  a  leaf-bud  is  in 

the  axil  of  a  developed  leaf ;  but,  according  to 

the  opinion  of  certain  physiologists,  the  sap 

has  tho  power  of  producing  buds  in  any  «« J.^-^SS^Xv'/. *iit  »«fc"riSt?: 

position.     It  is  well  known  that  they  have     ders. 

been  produced  upon  the  stems  of  plants  and 

upon  the  leaves  of  the  BryophyUum  (Fig.  188) ;  and  the  fleshy  parts  of  most  plants,  as 

of  the  bulb  of  the  Hyacinth,  may,  by  care,  be  compelled  to  produce  buds,  and  to  repro- 


Fig.  Igr.— The  leaf  bud, 
"With  its  imbricated 
pcales,  i,  pointed  extre- 
mity and  cicatrix  of  old 
leaves,  a.  The  growing 
point  is  inclosed  and 
hidden  by  the  scales. 
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duce  the  plant.     Still  such  instances  must  be  regarded  as  exceptional  and  irregular ; 
and  hence  the  buds  so  formed  are  termed  adventitious. 

ORGANS   OF  REPRODUCTION. 

The  foregoing  descriptions  have  referred  to  those  parts  of  a  plant  which  are  con- 
cerned in  maintaining  its  own  vitality  and  increasing  its  development,  and  may 
therefore  be  termed  ^^«o««/;  but  there  are  other  parts  which  have  for  their  functions 
the  production  of  new  individuals,  and  may  thence  be  called  relative.  Such  are  the 
organs  of  fructification,  and  they  are  known  generally  as  flowers,  seeds,  and  fruit.  We 
shall  consider  these  in  their  order. 

The  Flower  is  in  part  a  reproductive  organ,  with  certain  protective  coverings.  It 
consists  of  various  parts,  as  the  bract,  caljrx,  corolla,  stamens,  and  pistils,  in  their  order, 
proceeding  from  without  inwards. 
!  The  Znflorescence. — A  number  of  terms  have  been  de^sed  to  enable  us  readily 
to  designate  the  appearance  which  the  whole  arrangement  of  flowers  presents  upon  the 
flower  stalk,  and  it  will  bo  convenient  to  place  them  here  before  we  enter  upon  the 
consideration  of  the  parts  of  each  flower.  Such  an  arrangement  of  flowers  is  commonly 
termed  i^citi^orescence. 

The  flowers  are  immediately  supported  upon  the  stem  in  one  of  two  ways ;  either 
by  a  more  or  less  elongated  branch,  or  foot  stalk,  termed  the  peduncle,  or  by  a  flattened 
more  or  less  fleshy  organ,  as  in  the  Strawberry,  known  as  the  receptacle.  The  peduncle 
differs  in  no  essential  respect  from  the  foot  stalk  of  a  leaf,  its  variation  being  merely 
that  of  size  and  form  to  enable  it  to  support  the  flowers.  When  it  supplies  the  place 
of  a  stem,  as  in  the  Cowslip  {Primula),  it  is  called  a  scape;  and  when  it  is  elongated, 
and  passes  in  a  straight  line  throughout  the  inflorescence,  it  is  called  an  axis,  or  rachis, 
as  in  Grasses,  Fig.  184  a.  In  many  instances,  as  in  the  Umbellifera  (the  Parsley),  it 
is  divided  into  a  number  of  lesser  peduncles,  each  one  still  supporting  many  little 
flowers,  and  the  divisions  are  termed  pedicels,  *  ^ 

The  receptacle  is  very  commonly  met  with,  and  more  particularly 
in  the  most  numerous  class  of  plants,  the  Compositse ;  but  it  is  there 
not  fleshy,  and  is  sometimes  distinguished  from  the  fleshy  receptacle 
of  such  plants  as  the  Strawberry  by  the  term  thalamus.    The  juicy 
part  of  the  Strawberry  is  the  receptacle,   as  may  be  observed  by 
noticing  the  position  of  the  little  seeds  which  are  placed  irpon  its 
outer  surface.    The  recep- 
tacle is  the  terminal  grow- 
ing point   of   the    stem, 
and   is    closely  analogous 
to  the  flower  head  of  the 
Arum,  Fig.  192. 

The  arrangement  of  the 
flowers  upon  the  foot  stalk 
or  receptacle  is  primarily 

divisible  into   two  classes  Fig.  189.— The  Catkins  of  the  Willow,  shoxring 
—viz      such   as    have   nn     ^  multitude  of  flowers  sessile  upon  a  common 

,     *'     .  .  -    "     lachis. 

other      intervenmg     foot 

stalk,  and  then  are  called  sessile  or  setting,  and  such  as  are  stalked.     The  examples  of 
sessile  inflorescence  are  the  Spike,  Locusta,  Spadix,  Catkin,  Capitulum,  and  Glomerulus. 


^•^"^i^'h 


Fig.  190.— Tlio 
Spike. 
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The  spike  (Fig.  190)  ie  represented  by  the  Plantago,  and'the  locvsta  by  the  common 
Grass ;  and  they  differ  from  each  other,  chiefly  in  that  l&e  former  has  the  enrelopes 
of  the  flower  distinct  from  each  other,  whilst  in  the  latter  the  bracts  form  the  sole  covering. 


Fig.  192. 


Fig.  198. 


Fig.  192. — ^The  inflorescence  of  the  Arum,    a,  the  spadiz  inclosed  by  the  spatUe ;  J,  the  fleshy  rachis, 

or  spfRitx  denuded  of  flowers ;  c,  the  spadix  covered  with  sessile  flowers. 
Fig.  193.~A  Capitulum  in  the  Compositas.    a,  florets  ot  the  ray ;  b,  floreU  of  the  disk;  e,  floret  of 

thfi  ray  detached ;  rf,  floret  of  the  disk  detached. 

The  catkm,  as  in  the  Willow,  so  far  resembles  the  locusta,  that  the  coveriiigs  are  not 
distinct  from  each  other ;  but  it  differs  inasmnoh  that  the  rachis  with  the  flowers  iaUs 
in  a  single  piece  after  fractiflcation,  whilst  the  rachis  of  the  locusta  is  permanent. 
The  Spadix  J  as  in  the  common  Arum,  is  en  inflorescence  with  a  fleshy  rachis,  to  which 
the  flowers  arc  closely  attached,  and  inclosed  in  the  modified  bract  called  a  spathe. 
Fig.  192.  The  Capitulum  is  a  head  of  flowers  sessile  upon  a  receptacle,  page  105 ;  and  in 
the  Composittc  the  flowers  are  divided  into  two  classes,  the^^ets  of  the  ray  (Fig.  193  er), 
which  are  usually  ligulate  or  strap-shaped,  and  the  Jlorets  of  the  disk,  or  centre,  which 
are  conmionly  smaller.  Fig.  193  i  and  d.  The  Glomertdus  consists  of  a  series  of  heads 
in  a  common  involucre. 

The  second  division,  or  those  modes  of  inflorescence  in  which  the  flowers  are  each 
supported  by  a  pedicle  or  stalk,  is  an  extensive  field,  and  comprehends  the  most  beautiful 
flowering  plants.  It  is  divided  into  the  Raceme,  Fascicle,  Corymb,  Cytne,  Faniele,  and 
Urnhel. 

The  Raceme  is  the  simplest  form,  and  consists  of  a  series  of  stalked  flowers  arranged 
on  a  common  peduncle  (Fig.  194),  the  pedicels  being  of  nearly  equal  length.  When 
the  lower  pedicels  are  so  much  larger  than  the  upper  that  the  flowers  are  supported  at 
nearly  an  equal  height,  so  as  to  form  a  kind  of  head,  the  terms  Faseide  and  Corymb  are 
applied,  the  former,  as  in  the  Sweet  "William  {Dianthm) ,  when  the  expansion  of  the 
flower  is  from  within  outwards ;  and  the  latter  when  from  without  inwards.  The 
remaining  varieties  of  infloresoence  are  somewhat  more  complicated,  since  the  stalks  or 
pedicels  are  divided,  and  bear  many  flowers  instead  of  one  only.    Thus  the  Famek  is  a 
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rteeme,  each  pedicel  of  wbsch.  bean  many  fkfwers ;  but  ^ece  the  Tachis  itself  diodes, 
and  no  longer  exists  as  an  axis,  the  panidte  is  teemed  deliqmseent.  This  latter  fonn 
gives  rise  to  another  variety— the  Cyme  (Fig.  198),  as  in  the  Elder  {Sambwua  n^gtr) , 


Fig.  195.  Faseicle. 


j   Fi^.  194.— The  Raceme,  \rith 
its  single  stalked  flowers. 


Fig.  19G.   Coryir.b. 


Fig.  197.  Panicle. 


which  consists  of  a  series  of  deliquescent  panicles  that  hare  become  short  and  corym- 
bose, with  their  central  foot-stalks  meeting  at  a  common  centre. — ^The  last  fonn  is  the 
Umbely  and  is  dinded  into  two  classes,  the  Simple  and  the  Compound  (Fig.  199).  The 
Simple  Umbel  consists  of  a  number  of  corymbose  branches,  meeting  at  a  common  point, 
as  in  the  Cyme,  and  differs  from,  the  Cyme  only  in  that  the  branches  are  corymbs  and 
not  panicles.  The  Compound  Umbel  is  distinguished  from  the  Simple  Umbel  by  the 
diyision  of  the  pedicels,  so  that  they  divide  and  bear  other  Umbels.  The  whole  head  of 
Umbds  is  then  called  an  universal  umbel. 

Such  is  a  written  description  of  this  somewhat  complex  and  difficult  subject ;  but 
in  order  to  a  ready  famHiaxaty  with  the  various  kinds  of  inflorescence,  it  will  be 
necessary  to  select  the  Dlustrations,  and  carefully  study  them  with  the  deteriplionfly 
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and  after  a  little  attention  it  will  be  found  that  the  eye  mil  intuitively,- as  it  were* 
recognise  the  leading  forms.  We  now  proceed  to  consider  the  several  parts  of  which  a 
flower  is  composed. 


C" 


Fig.  198.— The  Cyme. 


Fig.  199.— The  Umbel. 


The  Bract  is  the  outermost  envelope,  and  closely  resembles  a  foliaceous  organ,  and 
bears  the  like  relation  to  the  flower  that  stipules  do  to  the  leaf.  Its  colour  is  more  or 
less  green,  and  as  it  oftentimes  bears  much  resemblance  to  a  leaf,  it  is  not  always 
readily  distinguished  from  those  organs.  The  rule  adopted  in  maldng  the  diagnosis  is, 
that  aU  organs,  of  whatever  size,  form,  and  colour,  which  intervene  between  the  true 
leaves  below,  and  the  flower  above,  must  be  bracts.  This  deflnition  is  too  expansive  to 
render  the  determination  of  this  question  easy  in  every  case,  and  therefore  much 
attention  must  bo  given  by  the  botanist  to  each  particular  instance  of  difficulty. 
Whenever  the  last  leaf  on  the  one  hand,  and  the  Calyx  (to  be  mentioned  presently)  on 
the  other,  can  be  clearly  determined,  then  whatever  intervenes  must  be  of  the  nature  of 
bracts ;  but  whilst  it  is  to  be  distinguished  from  leaves  only  by  its  lesser  size  and 
higher  position,  and  from  the  Calyx  by  its  foliaceous  character  and  lower  position,  there 
must  be  great  difficulty  in  determining  its  nature  in  many  instances.  In  some  plants  it  is 
necessaiy  to  know  the  number  of  the  divisions  of  the  Calyx,  and  then  to  regard  all 
parts  external  to  these,  even  if  almost  identical  in  colour  and  structure,  as  bracts. 

So  long  as  they  resemble  leaves  it  is  not  needful  to  attach  to  them  any  more  parti- 
cular name  than  that  of  bracts ;  but  when  they  are  sensibly  modified,  it  is  convenient 
to  give  them  other  designations.  Thus  in  grasses  they  supplant  all  other  coverings  of 
the  flower,  and  are  known  as  Glumes  (Fig.  200). 

The  arrangement  of  the  parts  in  the  flower  of  the  grass  is  so  peculiar  as  to  present 
much  difficulty  to  the  botanist,  and  consequently  various  designations  have  been  given  to 
the  parts  or  organs.  The  three  parts  which  constitute  the  coverings  of  flowers  are  bracts, 
calyx,  and  corolla;  but,  in  this  great  class  of  plants,  either  they  do  not  exist,  or  they  are 
iiT^npable  of  separate  deflnition.  On  reference  to  Fig.  200,  it  will  be  observed  that 
t  .icre  are  a  series  of  sca.es  or  valves  connected  by  their  bases  to  the  common  stalk 
on  which  they  are  supported,  and  having  their  apices  free  and  oftentimes  prolonged 
into  beards  or  bristles.  The  outer  ones,  6  1,  are  large  and  empty,  and  are  suitably  termed 
Glumes  or  Glwna  exterior.  Within  these  are  a  series  of  similar  but  smaller  scales,  attached 
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in  like  maimer  on  either  side,  and  opposite  to  each  other,  i2,  and  which  differ  from 
the  outer,  ones .  in  that  they,  bear 
the  organs  of  fructification,  and 
each  one,  in  fact,  is  a  separate 
flower.  These  haye  been  known 
as  the  Gluma  interior^  or  more 
recently  as  i^Q  pales  ox  chaff.  With- 
in each  of  these  is  a  third  structure 
consisting  of  two  minute  and  some- 
what fleshy  scales,  d^  to  whicli 
the  term  gluTneUa  or  squamul  has 
been  given.  Of  these  thiee  struc- 
tures it  is  probable  that  the  first 
or  the  external  glumes  have  the 
greatest  analogy  to  bracts. 

The  Cupula  or  cup,  as  in  the 
hazel-nut  {Corylus),  and  acorn 
[Quereus)y  is  another  instance  in 
which  the  bracts  constitute  the 
covering  of  the  flower. 

The  Spathe   is  a   large  bract 
coloured  on  its  inner  side,  as    in 
the  common  Arum,  and  in  palms, 
and   in  the  nimierous  plants  ar- 
ranged with    them.     In  this  in- 
stance   there    is    much    evidence      Fig.  200.-The  arrangement  of  the  flowers  in  Grasses, 
that  the    inner    coverings  of  the  a,  A  series  of  flowers  arranged  on  a  racliis  or  stalk, 
aower  exist,  but  are  indiBeolubly  *•  ^^^e^.S^^'SSSXe. 
connected  with  the  bract.  2,  The  internal  glame  with  the  organs  of  fructiflcation. 

T«  +1,^  /x>-«-«.-.v>-   ««  «« ^ A  0'>  An  internal  glume  enlarged  and  detached. 

In  the  Componiaj  or  compound  ^^  ^n  internal  fleshy  scale. 

flowers,  as  the  rosemary,  there  are 

many  rows  of  bracts  around  each  head  of  flowers  on  its  external  surface.  This 
is  called  the  common  involucre ;  but  besides  these  there  are  other  bracts  placed  upon  the 
head  between  the  little  florets,  and  from  their  resemblance  to  chaff  they  are  called />a/e<r. 
In  the  sedge  tribe  (carex)  each  floret  has  two  bracts  adherent  at  the  edges  named 
urceolttSy  orperigynium. 

The  term  involucre  is  employed  whenever  a  series  of  bracts  surrounds  a  number  of 
flowers.  The  word  universal  is  also  added  in  the  umbelliferous  plants,  as  the  carraway 
seed  [Carum  Carui),  to  distinguish  the  common  involucre  of  the  whole  head  of  flowers, 
whilst  the  term  particU  designates  the  involucre  of  each  little  division  of  the  flowers 
[wnheHules), 

Perianth  (Fig.  201)  is  a  term  employed  to  designate  such  flowers  as  have  the  two 
next  coverings,  the  calyx  and  corolla,  combined.  Such  is  the  flower  of  the  tulip  and 
the  orchis.  In  many  instances  the  inner  divisions  of  the  perianth  are  more  gaudily 
coloured  than  the  outer  ones,  thus  indicating  the  separation  into  corolla  and  calyx 
which  naturally  occuni,  and  it  is  customary  to  describe  the  three  outer  leaves  of  the 
perianth  as  a  calyx,  and  the  three  inner  as  a  corolla. 

The  Calyx  is  that  covering  of  the  flower  which  externally  is  enclosed  by  the  bracts. 
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and  intenially  lies  in  apposition  to  Hie  corolla.    Ajb  ihs  bract  is  usually  situate  at  a 
distance  from  the  flower,  the  calyx  is  in  fact  the  external  envelope  (Fig.  202).  Incolodir 


Fig.  201.  Fig..202. 

Fig.  201.— The  Perianth. 
Fig.  202,— Showing  the  calyx,  a,  siirronnding  the  corolla,  6,  and  forming  the  external  coTeriirg-. 

and  general  texture  it  resembles  a  foliaceous  organ,  and  thus  may  usually  bo  dis- 
tinguished from  the  corolla.  When  any  difficulty  occurs  in  determining  the  nature  of  the 
coverings  of  flowers,  it  is  customary  to  regard  the  external  series  as.  a  calyx,  whatever 
may  be  its  appearance,  and  thus  no  flower  can  be  without  a  calyx  (oxcopt  such  as  are 
composed  of  bracts  only) ;  whilst  many  are  met  with  without  a  corolla.  The  calyx  is 
evidently  aibservient  to  the  corolla;  for,  although  it  exceeds  the.  latter  in  siae  up  to  the 
period  of  the  unfolding  of  the  flower,  it  usually  becomes  relatively  smaller  by  reason  of 
the  growth  of  the  corolla,  and,  in  many  instances,  in  the  mature  state  of  th&flower,  bears 
no  proportion  to  the  corolla  in  size.  The  calyx  is  commonly  continuous  with  the  pedun- 
cle, and  is  permanent ;  but  in  numy  instances  it  i&  deciduous,  and  falls  away  on  the 
opening  of  the  flower,  or  immediat^y  afterwacds,  as  in  tiie  poppy  and.  the  Crtunferce,  or 
pod-bearing  plants.  When  the  enlax^ment  of  the  inner  parts  of  the.  flower  causes  the 
calyx  to  fall,  it  Hsually  separates)  from  the  pedunede  in  one  pisce,,and  is  caXled.c^erculate, 
except  in  falling  it  be  ruptured,  when  it  is  termed  calyptrate. 

The  calyx  is  originally  fanned  of  sevexal  distiEijct  pieca%  which  are  tenned  s^Mk ;  and 
when,  in.  its  after  develoinnen^  these  adh^ie  to  each  other  by  their  sides,.and.become  but 
one  tube,  it  is  termed  motto-'mpalMis ;  but  when  they  still  remain  distinct,  each,  part  is 
known  as  a  sepal,,  and  1^  ^diole  ealyz  is  termed  p^ii/^-stpalous.  The  [[sepals  hanre.all  the 
prqserties  and  analogies  of/covmim-lBaves,  but  have  tho  BT^eraddcdfunctionjof  peotect- 
ing  the  essential  parts  of  the  flower.  Theze  isy  however,^  one.  class.  o£  plants^in.  which 
the  calyx  has  eaeep^€ml    eharaeteis^/ «»2.y  the   Com^esites,  or  oomponnd .  flowers. 
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The  flowers  in  this  class  are  arranged  on  a  eapiffdum^  and  are  yeiy  nnmerous  upon  one 
common  receptacle.  Each  floret  is  perfect,  and  therefore  has  a  separate  calyx,  either  rudi- 
m^xtaryor  developed;  which,  on  account  of  its  membranous  character,  is  termed  papjws. 
Whoi  its  divisions  are  broad,  it  is  called  jjafooww^,  or  chaflfy.  The  terms  pilose  (velvety), 
pktmote  (feathery),  and  setee  (bristles),  express  various  conditions  under  which  it  appears 
in  its  connexion  with  the  ovary. 

The  position  of  the  calyx  is  described  in  reference  to  that  of  the  central  organ  of 
reproduction,  the  ovary,  and  is  called  superior  or  inferior,  as  it  appears  to  arise  above 
or  below  that  organ.  But  in  truth  it  is  simply  a  question  of  appearance,  for  since  the 
ovary  is  the  central  and  final  point  in  the  development  of  the  plant,  all  other  organs  must 
be  arranged  around  and  therefore  below  it  (Fig.  203).  The  calyx  is  consequently 
always  inferior;  but  whenever  it  adheres  to  the  ovary,  or  the  parts  surrounding  Ae 


put. 


c£L 


Fig.  503.  Fig.  204. 

Fig.  203. — Representing  the  relative  positioiiB  of  the  parts  of  a  flower,  and  showing  that  the  calyx, 

corolla,  and  stamens  must  be  below  the  pistil. 
Fig.  204. — Showing  a  condition  of  flower  in  which  the  calyx,  corolla,  and  stamens  are  said  to  he 

superior  because  they  adhere  to  the  side  of  the  pistil  or  ovary. 

OYary,  so  tliat  it  appears  as  a  separate  oi^an  only  at  a  point  above  that  organ,  it  is,  in 
indefinite  language,  said  to  be  »uper\or.  Pappus  is  a  superior  calyx,  since  it  is  closely 
attached  to  the*  ovary.  The  form  of  the  calyx  is  a  material  incident  in  the  description  of 
a  plant  (Fig.  2(^5),  and  many  ^  . 


terms  have  been  invented-  to 
expsess  it  beyond  those  whieh 
indicate  the  number  of  its 
aqials,  and  its  permanency  or 
ofcherwiae  upon  the  peduncle. 
Maroover  the  form  and  size 
of  eaelLsopal^  and  the  charac- 
ter of  its  margin,  are  always 
refeived  to ;  and  1^  calyx  is 
said  to  be  regular  or  ine^ikr, 
acondiaig  to  tiiie  mnfofciiiily 
or  otihemnse  of  it&  divisionii. 
As  a  rule,  'tiie '  mimber  of 
86|Ml8  hm&  a  Bdationtta  the 
mmber  oFihev^divifliaaDfi -of  the 
CMoBa.;  sorthat  if  tiwrv  be  five  of  one  there  will  probably  be  five  of  ^&e  other. 


£17;  205.— <I>iflier«nt  forms  of  oaljx.     a,  tulnilar;  6,  inflated  ; 

c,  flattened ;  all  being  monosepalous,  and  the  two  former 
having-a  dentated  margin. 


Digitized  by  ^OOQIC 


112 


THE  INFLORESCENCE. 


The  Corolla. — The  aiTangement  of  the  various  parts  of  the  plant  upon  the  stem  is 
agreeable  to  a  definite  course  in  obedience  to  a  known  law,  as  already  intimated, 
commencing  with  that  of  leaves  and  ending  with  the  ovary.  It  has  also  been  stated 
that  each  foliaceous  organ  is  normally  formed  separately  and  not  in  pairs,  or  in  greater 
numbers,  and  as  the  parts  are  not  produced  on  the  same  plane  or  in  right  lines,  but  at 
different  heights  and  in  a  spiral  manner,  each  one  appears  to  be  alternate  to  the  other. 
When  the  parts  are  widely  separated  this  is  readily  apparent,  but  when  they  are  brought 
close  together,  the  observer  is  disposed  to  doubt  the  fact.  Yet  in  such  instances  they 
are  never  so  closely  arranged  that  they  occupy,  or  appear  to  occupy,  the  same  spot,  but 
arc  placed  more  or  less  side  by  side,  and  by  multiplication  ultimately  encircle  the  stem, 
and  are  said  to  be  in  whorls.  Such  whorls  of  leaves  oftentimes  seem  to  be  on 
the  same  horizontal  plane ;  but  if  such  be  really  the  case,  it  is  an  exception  to  the 
established  rule.  Thus  it  will  be  evident  that  the  whorls  of  leaves  taken  collectively, 
cannot  be  on  the  same  plane,  but  must  be  relatively  above  and  below  it ;  and  also  that 
each  member  of  the  whorl  will  be  alternate  with  a  corresponding  member  of  the  whorl 
above  and  below  it.  Such  is  the  rule,  liable  to  many  exceptions ;  and  when,  as  excep- 
tional cases,  leaves  are  found  opposite  or  in  whorls  and  not  alternate,  it  is  assumed 

that  an  intermediate  leaf,  or  set  of  leaves,  has 
been  suppressed,  or  that  the  opposite  or 
whorled  .leaves  have  each  really  split  into 
two,  and  thus  doubled  the  original  number. 
This  is  a  difficult  subject  for  investigation, 
but  it  is  highly  probable  that  the  former 
theory  is  correct.  From  this  statement  the 
reader  wiU  infer,  that  if  the  development  of 
the  tree  begins  with  the  formation  of  leaves, 
and  ends  with  the  production  of  fruit,  the 
Fig.  206. -Two  diagrrams  exhibiting  a  ground  ^  ^nd  all  parts  between  them  and  the 

plan  of  the  arrangement  of  the  parts  m  the  "^'^"^  """^  *"  i»«*i.o  wowwccxi  wa^iu  tun*  kux, 
flower,  showing  that  the  members  of  each  fruit  must  be  situated  below  the  fruit.  Thus 
whorl  are  alternate  with  those  of  inner  and  +t,_  v-o^fo  -w*  ti1o/><^/1  ^y^^^  ♦!,«  i^o^ao  *i,^ 
outer  whorls,  a  represents  the  whorl  of  the  ^®  -^^^^  ^  P^^®^  *oove  the  leaves,  the 
calyx,  6  the  whorl  of  the  corolla,  c  the  whorl  calyx  above  the  bracts,  the  corolla  above 
pLffl'»ov«y*!'*""'"'°''  ""^  ^  ^^  '"'°'"'  the  calyx,  thestamensaboTe  the  corolla;  and 

finally,  we  arrive  at  the  pistil  or  centre  organ 
of  the  whorle.  The  relatively  external  and  alternate  position  of  the  various  parts  of 
the  flower  are  well  exhibited  in  the  outline  sketches  in  Fig.  206. 

A  knowledge  of  this  fact  is  a  fundamental  one  in  botany,  and  enables  us,  at  this 
point  of  our  subject,  to  include  all  the  parts  within  the  term  corolla  which  Ue  between 
the  stamen  internally  and  calyx  externally  (Fig  203.) ;  and,  moreover,  whenever  the 
calyx  and  corolla  are  not  very  distinct  from  each  other,  the  inner  whorls  of  leaves  are 
thus  appropriated  to  the  corolla. 

The  corolla,  then,  is  distinguished  from  the  calyx  by  its  normally  siq>erior  and 
alternate  position ;  but  it  has  a  further  characteristic  in  being  unusually  gaily  coloured. 
It  is  that  part  to  which  the  term  fiower  is  commonly  restricted  in  ordinary- 
language,  and  is  longer  and  larger  than  any  other  part.  It  is  almost  invariably 
caducous,  and  falls  very  soon  after  the  impregnation  of  the  inclosed  organs.  When  it 
consists  of  one  piece,  it  is  termed  mono-petalous  ;  and  when  divided  into  several  pieces^ 
its  divisions  are  known  as  petals ;  and  the  corolla  is  tri-petalous  or  polp-petalousy  accord- 
ing to  the  number  of  its  petals.    The  number  of  petals  is  very  variable ;  and  iwhilst  it 
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remains  tolerably  fixed  in  the  same  species,  so  long  as  it  retains  its  wild  condition,  it  is 
apt  to  vary  greatly  when  the  same  plant  is  cultivated.  Thus,  if  we  take  the  rose  as  an 
iUustration,  we  find  that  its  normal  number  of  petals  is  fire,  as  in  the  hedge  rose ;  but, 
when  culuyated,  the  number  vastly  increases,  until  a  "  perfect "  rose,  in  horticultural 


Fig.  207.    A  perfect  Bose,  having  nearly  tlie  whole  of  its  stamens  converted  into  petals. 


language,  should  present  to  view  nothing  but  petals  (Fig.  207).  Whence,  then,  has 
the  rose  obtained  its  additional  pjptals  ?  Not  from  new  formations,  since  that  would  be 
in  opposition  to  the  established  law  of  development,  but  from  a  modification  of  other 
organs  which  were  originally  formed  for  another  purpose.  This  applies  not  only  to  the 
corolla,  but  to  every  part  of  the  flower ;  and,  as  a  further  rule,  it  may  be  remarked, 
that  the  •parts  so  modified  are  usually,  if  not  invariably,  those  which  are  naturally 
placed  higher  on  the  stem  than  those  into  which  they  become  transformed.  Therefore 
the  i>etals  are  not  produced  from  sepals,  and  sepals  from  bracts  ;  but,  on  the  contrary, 
the  bract  may  assume  the  place  of  calyx,  and  the  calyx  that  of  corolla.  The  newly- 
formed  petals  are  thence  the  product  of  transformed  stamens,  or  the  parts  of  fructifica- 


ORGANIC  NATURE.— No.  XVI. 
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F^.208»:  reptmtmniin^  the  conrersion  of  stamens 
into  petals,  iiMhe  Water-lily  {Nymphcea  alba). 


tian  which  He  imm«diirtely  wtthiD  the  corolla.  In  thk  mode  the  numhei  of  stamoos 
dimmish«ft  in  proportiwi  as  that  o£  the  petals -inttfeaaoB ;  and  thu  traasfarmatiott  jnay 
TGtMy  he  traced  in  any  gardea.  roae.  The  giadwdcoiwarBion  of  the  one  into  the  other 
is  fWBll  e^chihcted  in  Fig.  208. 

It  thus  hecomes  evident  that  the 
numher  of  the  petals  can  seldom  he  em- 
ployed with  certainty  as  a  distinctive 
mark  in  the  classification  of  plants.  But 
yet  it  is  not  without  its  value  in  such 
plants  as  retain  their  natural  habits ;  and 
the  more  so  when  it  is  known  that  any 
increase  is  usually  that  of  a  multiple  of 
the  original  number,  as  that  five  petals 
become  ten  or  fifteen. 

In  respect  of  position,  the  corolla  natundly  places  it»lf  Ibdow  the  ovary  (Fig.  208)  ; 
but  whenever  it  is  so  attached  to  the^id&of  theoTury)  solhat  it  separates  itself  only 
when  above  that  organ,  the  relative  terms  of  snperioar'aad'.  inferior  are  still  employed. 
Thus  all  corollas  are  said  to  be  either- su|»rior<orinferii)r; 

As  a  petal  is  the  analogue  of  the  lea^  it^is  proMiie  that  it  will  have  similar  parts ; 
and  thus  we  describe  the  expaiBdedpart*Bs^ifa«i&imm«,  and  tho  contracted  part  by  which 
it  is  inserted  as  the  unguis,  or  cUm.  In  many  inrtsoeas,  as  in  the  rose,  there  is  no  unguis, 
and  just  as  many  leaves  are  destitute  of  petioles ;  whilst  in  maay  others  the  claw  is  seve- 
ral times  the  length  of  the*  lamina,  as  in  th^  pink,  and  th«  petal  is  termed  unguiculate. 
The  short  claw  of  the  petal  of  the  Crowfoot  {Jtantmeulm)  has  on  its  inner  surface  a 
small  gland  which  secretes  honey,  and  is  a  true  neotarium  (page  69),  but  which  may 
probably  be  a  modified  stamen. 

^The  forms  of  the  corolla  are  extremely  numerous,  as  is  familiar  to  every  one,  and 
require  special  designations.     If  we  first  examine  a  monopetalous  corolla  we  find  three 

parts,  which,  by  their  variations,  give  variety  of 

form.   First,  there  is  the  expanded  portion,  which 

consists  of  a  scries  of  laminae,  connected  at  their 

margins,  and  which  has  its  free  border  more  or 

less  indented  or  divided  in  such 

a  manner  that  the  divisions  arc 

regular  or  irregular  (Fig.  210) ; 

secondly,  the   tube,  constituted 

of  the  united^edges  of  the  claws ; 

and,  thii-dly,  the  point  at  which 

the  tube  is  inserted,  or  expands 

into  the  expanded  lamin8B,'which 

is  termed  the/«Ma?  or  throat.  In 

a  few  instances,  other  parts  enter 

into  the  formation  of  a  corolla, 

as  the  corona  or  cup  observed 

around  the  throat  of  the  Narcissus  (Fig.  209),  and  the  true  Niectaria, 

Fig.  209— The  corona,  or  honey  spots,  so  well  known  to  the  honey-bee.   A  campamdaie,  or 

•'surfon^ndiJir'^^^^^^^  bcll-shaped  coroUa  (Fig.  210 «),  as  in  the  C»nrpaaul»,  has  Uttle 

throat.  or  no  tube;  and  so  in  like  manner  witih  the  fiacttcmed  rotaU  or 


Fig.  210. 


,  a  rcfirular,  and  6,  an 
irregiilor  corolla. 
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»ulifoana  variety;    Ite  dia*-  ^*— .,^[^^^ 
mark  is  the  division  of  f^^^;::::^^^*^^^^ 

ftn^i^il     -nfont  inf/v  i-.vra  T\Ar-  /X*""^  ji^\.     \  > 


Fig::  Sll.^Hitxffettt  eorollA. 


whtel-flliaped  isaroHa.   The  tube  ia<  gieaUy  elongated  at  th©  upper  part  in  the  JiiQXMraUri- 

/<«m:K>rBaivw-{dia{pfedfCQrdUa(|'ig..2I2);  wliHstthe  infundiimUform^  orfonnd-shaped 

c(BEaila^.diffi>s  flbom  lite  laifcter-  chMfif  in  hayuig' the  tube  ecpaaaded  at  ita- upper  .part 

Th«eia.y8t  asmther  fosm  jof'  monopelatous  conoUa,  caUed  the  Ig^msU^  and  which  ofiem 

the  gieBtest  reaemUance"  to  the 

infundibuliform  variety^ 

tinctive 

the  expanded  past  into  two  por- 
tions, .  which  in .  scHne  degree  re- 
semble lips  (Fig,  210  d))  and  are  so 
placed  that  one  is.  called  the  lower 
and  theother  the  upper  lip.  WhCT. 
they  are  widely  separated,  as  in 
the  dead  nettle^  the  coroDa  is  said  ^^^  212  .^Hypocrate- 
to  be  rxngtnt  (Fig,  211),  or  grin*  rift>rnL-cow>«a.  a, 
ning;  and  when  the.  upper  lip  is  ^i^i"**** 
hdlow«d  and  expanded,  as  in  the  Monkhood,  it  is  'called 
ffaleette^  ©rhelmet-shf^d.  When,  on  the  other  hand, 
the-  lipe-  are  pressed  closely  together,  as  in  the  Snap- 
dragon, the  cetrella  is  said  to  be  personate.  These  are 
fiimeiful  terms^  but  yet  in  many  instances  give  a 
I   familiar  idoa^of  the  formar  to  be  represented.. 

The  foDrms  of  a  pdypetelous- corolla  are  perhaps  less  varied  than  those  now 
desoribed,  asd,  for 'the  most -part,.  wiU  readily  suggest  the  names  by  which  they  are 
designated.  Such,  for  example^  iatho  a-teciate  coxoUa,  which  is  divided  into  four  parts 
like  a  Maltese  cross,  and  having,  six  stamens^  four  of  which  are  long  and  two  short. 
There  is,  however,  oner  vvry  masked  variety,  which  ofiers  some  complexity,  vts., 
that  of  the  Pea;  aadnrany  other  plants,  called  i^QpapUumtKeouB  or  butterfly- winged 
corolla  (Fig.  213).  Such  a  coroUa  haa  alK>  five  divisions  or  petals,  four  of  which  are 
arranged  in  pairs,  and  one  separately.  The  pairs  form  the  carina,  or  keel,  «,  and  im- 
mediatdy  inclose  the  sexual  organs ;  the  cUce,  or  wings, 
b,  which  lie  on  either. side  of  the  carina;  and,  lastly, 
the  large  vexilhmi  or  standard,  c.  The  two  former  names 
are  not  inappropriate  ;  but  the  latter  one  might  have 
been  wcU  exchanged  for  some  term  designating  a  sail. 

llie  onatcmiieal  strueture  of  the  corolla  diflfers  in  no 
essential  respect  irom.that  of  leaves.  There  is,  however, 
a  greater  delicacy  of  .organization,  and  variation  in  the 
relative  proportion  of  parts.  Thus,  whilst  there  are 
stomata  as  in  leaves^  they  arc  fewer,  and  are  accom- 
panied by  a  smaller  quantity  of  tho  parenchyma.  The 
veins  of  the  condla  contain  a  larger  proportion  of  spiral 
vessels,  and  less  of  woody  fibre,  than  is  foimd  in  leaves. 
The  colouisj  even  the  pearl  white  met  with  in  the  corolla, 
arc  duo  to  a  eoloniing  matter  termed  chronnile  (page  53),  placed  within  each  individual 
cell ;  and  so  carefully  is  this  distributed,  that  adjoining  cells  may  vary  considerably 
in  colour.  The  function  of  the  corolla  is  that  of  leaves,  with  the  superadded  one  of 
proteetin^  the  organs,  of  fructification. 


FigJ2l3.  Papilionaceous,  form 
of  corolla. 

n^  the  carina  or  keel 
6,  the  alae  or  "wings. 
c,  the  Texillnmor  standard. 
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The  Stamens. — ^We  now  enter  upon  the  description  of  the  essential  parts  of  the 
flower— rts.,  the  sexual  organs,  or  those  parts  concerned  in  the  process  of  reproduction. 
All  the  organs  which  haye  hitherto  heen  descrihed  are  accidental,  and  not  essential, 
since  many  plants  are  met  with  without  them,  and  since  their  sole  duty  is  to  minister 
to  the  wants  of  these  central  and  ultimate  ohjects  of  vegetable  organization.  No  plant 
exists  which  has  not  organs  of  reproduction  of  a  higher  or  a  lower  grade  of  organiza- 
tion ;  whilst  many  are  wanting  in  every  other  accessary  structure. 

The  stamens  are  placed  within  the  corolla,  and  immediately  surround  the  central 
point  or  pistil,  and  are  regarded  as  the  male  organs 
of  reproduction.  When  longer  than  the  corolla,  they 
are  said  to  he  exserted  (Fig.  215) ;  and  when  shorter, 
they  are  included  (Fig.  214).  Their  number  is  very 
variable,  from  one  to  fifty,  and  even  more ;  and  from. 
the' causes  already  mentioned  (page  112),  it  is  not 
permanent  in  the  same  plant,  or  the  same  class  of 
plants.  It  is,  however,  commonly  the  same  as  the 
petals  and  sepals ;  or,  if  it  vary,  it  is  a  multiple  of 
that  number  (Fig.  215).  They  may  constitute  one 
whorl  only,  which  wiU  consist  of  an  equal  or  double 
number  of  the  petals,  and  if  of  the  same  number,  they 
will  be  alternate  with  them ;  or  there  may  be  several 
whorls,  all  of  which  lie  nearer  and  nearer  to  the 
pistil,  and  follow  the  same  law  as  the  outer  whorl. 
It  is  not  an  unusual  occurrence  to  find  the  stamens 
placed  opposite  to,  and  not  alternate  with,  the  petals, 
or  with  an  inner  whorl  of  themselves.  But  this  is  an 
abnormal  condition,  and  arises  from  the  suppression  of  alternate  individuals  or  whorls. 
This  may  be  readily  understood  by  reference  to  Fig.  216,  in  which  the  stamens  are 
double  the  number  of  the  petals ; 
so  that  each  alternate  stamen  in 
the  whorl  will  be  alternate  with, 
and  each  other  stamen  opposite 
to,  the  petal.  If,  therefore,  these 
stamens  be  removed,  or  placed 
in  an  inner  whorl,  which  are  \^  ^^^^—^^yiy  a 
opposite  to  the  petals,  the  sta- 
mens  .rill  thenbe  alternate  with  ^'^^ti^t^^^^. 
the  petals  ;  and  thus  the  normal     mens,  c,  arranged  al- 

^&i'.tTSl^'^^^^^^^  number  and  position  of  the  parts     feW^f  Ld'^^th^'the" 

of  exserted  stamens  to  the  petals.    ^^  ^^^  ^^^^^  ^^  produced.     But      petals;  6,  and  sepals,  o. 

if,  on  the  other  hand,  the  suppressed  stamens  are  the  alternate  and  not  the  opposite 
ones,  the  flower  will  become  more  abnormal  by  the  alteration. 

The  stamens  are  also  necessarily  placed  on  a  plane  lower  than  that  of  the  pistil  or 
ovary,  and,  therefore,  must  be  inferior,  as  represented  in  Fig.  203.  But  not  imfrequently 
they  are  said  to  be  superior,  from  the  attachment  which  they  contract  with  the  sides  of 
the  ovary  (Fig.  204).  Three  Greek  terms  have  been  devised  to  express  this  apparent 
relation  in  position  between  the  stamens  and  the  pistil — rw.,  Hypogyrunts,  as  in  the 
Poppy,  when  normally  placed  below  the  ovary  (Fig.  225) ;  Epigymusy  when  growing 


Fig.  214. 
a,  the  central  pistil, 
ft,  the  stamens  included. 
c,  the  corolla. 
dy  the  calyx. 
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upon  the  ovary  (Fig.  218) ;  and  Ferigynoua  when  placed  around  it  (Fig.  217),  and 
attached  to  the  calyx  or  corolla,  as  in  the  Rose — all  of  which  terms,  although  inaccu- 
rate, are  in  constant  use. 


Fiff.  217. 


Fiff.  218. 


Fig.  219- 


Fig.  217.— Perigynous  stamens. 
Fig.  218.— Epigynous  stamens. 
Fig.  219.— Monodelp^ous  stamens  of  the  Mallow ;  a,  forming  a  tube ;  &,  pistils. 

The  point  of  insertion  of  the  stamens  is  into  the  peduncle,  at  its  terminal  point ; 
but  sometimes  they  contract  adhesions  with  themselves,  which  give  such  plants  a 
distinctive  peculiarity.     Thus  of  ten  stamens  in  the  Pea  tribe  of  plants,  nine  are  united 

together,  and  constitute  a  bundle,  to  the  exclusion 
of  the  tenth  (Fig.  221  a).  In  the  Geranium  and  the 
MaUows  the  whole 
are  united  into  one 
body  (Figure  219) ; 
whilst  in  the  Hy- 
pericum (Fig.  220)' 
there  are  three,  four, 
or  more  bundles.  These  conditions  are 
expressed  by  Greek  words,  which  signify 
the  number  of  bundles  or  brotherhoods. 
Thus  the  Geranium  is  Monodelphous  (one  brotherhood),  the  Pea  Diadel- 
phous  (two  brotherhoods),  and  the  Hypericum  TriadelpJums  or  Folydel- 
phous  (three  or  many  brotherhoods).  This  union  of  the  anthers  refers  to 
their  lower  parts,  and  is  sometimes  so  close  as  to  have  received  the  name  of 
columnar  or  gynostemium,  as  in  Orchids ;  but  there  is  another  which  has 
exclusive  reference  to  the  upper— r/s.,  such  as  is  met  with  in  the  CompositaB. 
Like  that  great  class,  the  number  of  stamens  in  each  floret  is  usually  five ; 
and  they  are  so  connected  together  at  the  top  as  to  form  a  tube,  through 
which  the  pistil  passes  (Fig.  222).  Such  a  condition  is  termed  Syngenesia 
(to  grow  together).  Again,  there  are  differences  in  size  as  well  as  position, 
both  accidental  and  essential.  The  accidental  are  such  as  have  shorter  ones,  pjg^  222^  — 
&om  an  uneven  development  within  the  period  of  growth,  either  from  Syngenesia. 
original  tardiness  of  appearance,  or  from  some  subsequent  hindrance  to  mens  united' 


Fig.   220.— Poly-     Fig.  221.— DiadeL 
delphous  stamens.       phous  stamens. 


hy  the  pis- 
of  stamens  offers  a  facility  for  this  kind  of  investigation.    In  the  oxalis,  also,  thro'  them. 


growth.     This  may  be  well  seen  in  the  Poppy,  in  which  the  great  number 
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Fig.  223. 


Fig.  224. 


Fig.  223. — Dydynamous  stamens. 
Fig.  224.— Tetradynamous     sta- 
mens. 


it  is  not  TinuBaal  to  find  one-half  of  the  stamens  shorter  than  the  other.  The  essential 
difforenxjes  in  size  ore  such  as  arc  permanent  in  the 
same  species ;  and  of  these  there  are  two  examples. 
Many  flowers  with  a  bilabiate  corolla,  as  the  Foxglove 
and  Mint,  have  two  long  and  two  short  stamens ; 
whence  they  are  called  Didynamctis  (Fig.  223).  The 
cruciate  corolla,  as  in  the  Turnip  and  Radish., 
has  usually  four  long  and  two  short  stamens;  and 
-s^T^'^S.^^*.        "  ^  ^^^  t^G  term  Tetradf/namotts    (Fig.  224)  is  aptly 

^  applied. 

^  '  *  The  number  and  arrangement  of  the  ataHicns  was  a 

chief  element  in  the  classification  of  Plants  by  Lin- 
nccus ;  and  of  the  twenty-four  classes  arranged  by 
him  we-  have  now  referred  to  five.  Eleven  others 
vary  simply  according  to  the  number  of  stamens, 
from  one  upwards,  and  are  named  from  Greek  words  having  that  signification.  Thus 
Monandna  signifies  one  stamen; 
Diandria,  two  stamens ;  Imd  so  on  to 
Dodecandria,  which  reifresents  twelve 
or  more  stamens  up  to  twenty. 

Two  others — viz.  Icosandria  and  i 
PolT/andna-^h&Ye  an  indefinite  number 
of  stamens,  which  in  the  former  aie 
perigynous,  and  in  the  latter  hypogy- 
nous  (Fig.  225).  Thus  no  fewer  than 
eighteen  out  of  twenty-four  classes 
are  arranged  according  to  the  number 
length,  and  place  of  insertion  of  the 
stamens. 

We  have  hitherto  regained  the 
stamen  as  a  whole,  but  it  is  naturaUy 
diTisible  into    three    parts,   «ach  of 

which  has  special  functions  and-  analogies.     These  are  the  filament,  anther ^  and  its 

CMitained  pc^hn,  the  first  of  which  -nwiy  be 
entirely  absent. 

The  JUament  is,  as  its  name  irnpHes,  a 
thread-like  organ,  attached  by  its  base  to  the 
peduncle,  and  by  its  apex  to  liic  antherj  and 
Fig.  226.— Different  forms  of  stamena.    a,  lily;  is   simply   a    pillar  on   which  to    rest    tfec 

and  fluids  pass  for  the  nourishment  and 
growth  of  the  pdllen  and  its  ease — ^the  anther.  It  is  the  analogue  of  the  petiole 
of  the  leaf,  and  like  it  consists  of  a  bundle  of  vascular  tissue,  enveloped  in  cells, 
and  a  delicate  cuticle.  Its  figure  is  seldom  quite  cylindrical,  but  more  com- 
monly tapers  towards-  the  top,  when  it  is  said  to  be  awl-shaped.  In  a  few  in- 
stances, as  in  the' Meadow  Rue,  it  is  the  thickest  at  the  top;  in  others  it  is  spiral,  or  is 
bent  liko  an  elbow  or  knee  (geniculate),  or  bifurcates  into  two  branches.  In  some 
instances  it   assumes  •  a  foKace®us  form,  and  13cewise  in  most  sterile  stamens.      The 


Fig.  225,^  The  Poiyandrous  flower  of  the  Pappy. 
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enter  whorl  is  the  most  subject  tcthis  modifieatioii,  and  also  to  the  transformation  into 
p^als.  it&  colour  is  n»ually  white  J  hut  in  the  Evening  Pnmrose  and  the  Fosohia  it  is 
gaily  ooloured. 

The  fmther  is  ^sential  only  so  far  as  it  protects  the  pollen,  -vrhieh  is  the  male  essenee 
in  the  plant.  It  consists  of  a  series  of  cells,  which  are  attached  to  the  top  of  the  fila- 
ment in  three  recognizable  modes.  First,  when  the  base  of  the  an!iher  case  is  connected 
with  the  ax)ex  of  the  filament  {innate,  Fig.  229)  ;  secondly,  when  the  union  is  at  the 
back  of  the  anther  {adhate,  Fig.  231) ;  and,  thirdly,  when  it  is  so  slightly  attached,  as 
in  grasses,  that  it  can  swing  freely  in  almost  amy  direction  (versatile).  This 
and  other  facts  will  be  better  understood  by  a  reference  to  the  analogies  of  the  anther ; 
for  as  that  organ  is  the  modified  lamina  or  blade  of  the  leaf  with  its  edges  so  folded  that 
it  can  inclose  contents,  it  would  evidently  be  expected  that  in  its  normal  state  it  should 
be  attached  to  the  filament  or  petiole  by  its  base. 

This  view  of  its  construction  will  also  lead  us  to  infer  that  there  are  two  cells  (one 
on  each  side  of  the  midrib),  with  two  points  of  union — viz.,  one  behind,  called  the 
micHb,  or  dorsal  sutttrey  and  one  in  front,  known  as  the  newly-forraed  ventral  suture. 
There  will  also  he  one  line  of  separation  or  division— v/c.,  that  lying  between  the  dorsal 
and  the  ventral  sutures,  called  the  connective.  Such,  it  is  probable,  is  the  normal  type 
of  construction  of  the  anther ;  but  in  the  extremely  modified  form  in  which  the  leaf 
thus  appears,  it  is  no  matter  for  wonder  if  the  relations  of  parts  should  be  fi)und  much 
altered.  Thus  the  connective  is  sometimes  absent,  and  then  the  anther  is  one-celled ; 
and,  on  the  other  hand,  a  new  septum  arises  across  each  cell,  and  the  organ  becomes 
four-celled ;  and  this  latter,  according  to  l^e  investigations  of  Schleioben,  is  the  more 
common  form  of  anther  (Fig.  227). 

Its  actual  construction  is  best  seen  at  the  period  of  its  opening  or  dehiscence  for  the 
expiilaion-  of  the  pollen,  and  the  precise  mode  of  its  rupture  has  been  carefully  investi- 


.    b 


Fig,  227. 


Fig.  2B8. 


Fig.  227,  representing  a  cross  section  of  an  Anther.    A,  the  connective  'with  the  hundle  of  vessels  at 

a;  B,  the  halves  of  the  Anther  corresponding -with  the  halves  of  the  leaf;  d,  processes  suh- 

diriding  each  lateral  half,  so  as-  ia  loran  lour  toculi  or  cells. 
Fig.  228.— Exhihitiflg  the  ordinary  mode  of  debiscenee  at  a,  by  longitudinal  fissure,  learing  the  cell 

open,  andBome  grains  of  pollen  attttehed ;  and  at  6,  the  opening  by  the  rupture  of  the  valTe  or 

laceof  the.Aiitber.  c,  -which  then  cm  ves  hack,  as  in  the  Berberry. 

gated.  It  is  certam  that  the  lino  of  rupture  runs  longitudinally  along  the  ventral 
suture,  and  not  transversely,  except  in  a  few  instances,  as  in  the  Duck-wecd  {Lejmta), 
Fig.  226  by  and  that  the  cells  open  by   a  separation  of  two  podrtions  or  valves,  which 
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diverge  more  or  less  widely  from  eacli  other,  and  thus  giye  the  appearance  of  a  one- 
celled  organ.  In  many  plants  the  cells  are  either  unequal,  or  one  only  is  deyeloped,  as 
in  the  Sage  (Fig.  226/),  Canna,  and  the  Arrowroot  plant;  or  after  the  conunencement 
of  the  process  of  development  the  two  cells  hecome  confluent,  and  produce  a  single  cell. 
As  each  cell  wiU  have  a  separate  line  of  dehiscence  or  fissure,  a  two-celled  anther 
will  have  two  fissures,  and  a  four-celled  four  fissures,  and  the  latter  is  prohahly  of 
common  occurrence.  But  besides  the.  number  of  fissures,  there  are  other  points  of  dis- 
agreement with  the  general  law.  Thus  in  a  few  instances  the  pollen  is  emitted  not  by 
a  fissure,  but  by  small  holes,  or  perforations ;  or  the  fissure  does  not  occupy  the  whole 
length  of  the  cell ;  or  the  cells  burst  first  into  each  other,  and  then  have  a  common 
dehiscence  ;  or  a  large  portion  of  the  whole  face  of  the  Anther  comes  away  in  a  piece. 
But  however  much  so  minute  a  matter  may  vary,  it  is  of  importance  to  bear  in  mind 
that  it  proceeds  on  a  fixed  plan,  and  that  its  whole  organization  has  a  known  cor- 
respondence with  it. 

When  the  line  of  dehiscence  is  towards  the  petals,  the  anther  is  said  to  be  extrorsa, 
and  when  inwards  towards  the  pistil,  it  is  called  inirorsa.  The  lining  membrane  of  the 
cells  is  called  Etidotheciumy  and  usually  consists  of  fibro-cellular  tissue,  whilst  the  x>ollen 
occupies  the  position  of  the  normal  parenchyma. 

The  Pollen. — The  parts  of  the  stamen  already  described  seem  to  include  in  their 
analogies  the  whole  leaf;  for  the  filament  represented  the  petiole,  and  the  anther  the 
lamina,  with  the  parenchym  in  which  the  pollen  is  deposited.  But  yet  there  is  another 
and  the  most  essential  part  of  the  stamen  as  yet  undescribed,  and  one  which  has  also 
its  analogies  in  the  leaf  itself.  This  substance  is  known  as  the  pollen^  and  is  the  imme- 
diate source  of  fructification.  It  is  a  powdery  substance  of  various  colours,  but  more 
commonly  colourless,  as  may  be  noticed  upon  any  fully-developed  fiower.  It  is 
that  material  which  is  shaken  like  dust  from  the  flower,  and  which  is  not  im- 
frequently  adherent  to  the  nose  when  that  organ  is  searching  out  the  sweet  odours  of 
flowers. 

Its  normal  position  is  the  anther  case,  where  it  remains  imtil  it  has  arrived  at  a 
stage  of  maturity  fitted  for  the  performance  of  its  functions, 
when  it  is  emitted  by  the  dehiscence  or  sudden  rupture  of  the 
anther,  or  pollen  case,  and  is  ultimately  deposited  upon  the  free 
end  of  the  pistil.     The  quantity  of  small  grains  of  pollen  upon 
a  single  stamen  is  immense — infinitely  greater  than  is  needful  for 
the  fertilization  of  the  pistil ;  but  that  is  a  wise  arrangement  to 
insure  fructification,  despite  the  influence  of  winds,  the  sterility 
of  some  of  the  stamens,  and  the  irregularly -placed  pistil.     If  our 
readers  will  examine  any  half-dozen  plants,  which  may  be  near 
to  them,  in  full  bloom,  .and  notice   the  relative  height  of  the 
Fip.  229.— An  an-        pistils  and  stamens,  they  will  wonder  not  why  so  great  a  waste 
ludinSuyf  ^°and        ^^  P^^^^  ^^  ^^^^  provided  by  nature,  but  that  the  fertilization 
exhibiting  pollen        should  be  effected  with  so  much  certainty.     The  improbability  of 
grams  iivithin  its        ^^^^  occurrence  is  of  course  greater  where  the  male  and  female 
parts  do  not  exist  in  the  same  flower ;  yet  not  only  does  it  pro- 
ceed regularly  where  there  are  separate  flowers  for  males  and  others  for  females,  but 
in  our  large  forest  trees,  in  which  one  tree  has   male  flowers  only,  and   another 
only  female  flowers.      In  such  cases  the  pollen  is  carried  by  the  wind— that  very 
influence  which  at  first   sight  seemed  more  likely  to  cause  an  entire  waste  of  the 
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fertilizing  material  j  but  in  other  instances,  as  in  the  Bee  Orchis  (Fig.  230),  it  is  pro- 
bable that  insects  and  birds  are  the  means  of  con- 
veying the  pollen  to  the  pistil. 

Before  we  describe  the  influence  of  the  pollen,  it 
is  needful  to  refer  to  the  anatomical  characters  of 
that  substance.  The  pollen  appears  to  the  naked  eye, 
or  with  a  lens  of  low  power,  to  consist  of  a  number 
of  particles  or  granules,  of  various  sizes  and  figures, 
which  are  technically  termed  cells.  The  more  com- 
mon figure  (as  is  the  case  in  aU  cells  which  lie  loose), 
is  spherical,  or  ovoid ;  but  the  most  diverse  forms  have 
been  noticed.  Thus  they  are  square  in  the  Bladder 
(Senna),  and  tri- 
angular in  the 
evening  primrose 
(Fig.  233).  In 
various  com- 
pound flowers 
they  are  many- 
sided  ;  in  other 
plants  they  are 
twisted;  and  in 
Dill  they  are  cy- 
lindrical. Such, 
however,  are  ex- 
ceptional cases  ; 
and  whether  they 
may  be  attributed 
to  pressure,  as  in 
the  cells  of  cellular  tissue,  is  not  known. 

When  examined  with  high  magnifying  powers,  as  with  the  eighth  of  an  inch  ob- 
ject glass,  they  are  found  not  to  be  simple  cells,  but  cells  having  a  cell- wall  divisible 
into  two  or  three  layers,  and  inclosing  a  turbid-looking  fluid,  termed  fovilla.  The  ex- 
ternal layer  of  the  cell-wall  is  usually  itself  composed  of  cells,  and  is  called  the  extive ; 
vhilst  the  inner  one  is  of  greater  delicacy  and  extensibility,  and  known  as  the  intine. 
In  some  instances,  as  in  the  Yew,  there  is  a  third  membrane  between  these  two,  and 
named  the  exintine,  whilst  in  the  Evening  Primrose  a  fourth  has  been  described  as  the 
intexine.  It  is  probable  that  all  pollen  cells  have  the  two  former ;  but  it  is  not  indubi- 
table at  present  that  the  two  latter  are  at  all  commonly  found. 

The  fovilla  usually  consists  of  two  portions,  which  are  in  constant  motion,  as  may 
be  seen  in  the  garden  plant,  Clarkia  pulchella^  one  of  which  is  larger  and  more  oblong 
than  the  other ;  and  as  it  differs  from  all  other  vegetable  structures,  it  is  presumed  to 
be  the  fructifying  substance. 

Such  is  the  structure  of  the  pollen  before  it  is  applied  to  the  stigma ;  but  after  it 

has  commenced  its  fructiiying  function  it  exhibits  characters  unseen  before.     Thus, 

immediately  it  has  fallen  upon  the  soft  viscid  tissue  of  the  pistil,  it  begins  to  emit  one 

i  or  more  minute  processes,  which  traverse  the  length  of  the  pistil,  and  are  called  pollen 

I  tubes  (Figs.  232, 233).  These  tubes  terminate  in  the  placenta,  and  thus  constitute  a  medium 


fig.  230.— An  Orchis,  with  its  gy- 
naudrous  flower. 


Fi(r.  231.— Exhibiting  adnata  stamens 
and  a  pistil  elevated  much  above  the 
stamens. 
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of  commuiucation  between  thi 
_^  embrvo. 


pollen  upon  the  surface  of  the  pistil  and  the  young 
It  is  presuroed  that  some  undetected  material  is  con- 
veyed thiongh  the  tube,  which  is  the  immediate  source  of  ferti- 
lization ;  and  it  has  been  obserred  that  the  flower  has  begun  to 
fade  immediately  after  this  occurrence,  as  though  the  function  of 
that  organ  had  then  ceased. 

How  minute  and  wonderful  are  the  structures  and  tliiir 
functions  found  in  vegetables  I  equally  so  with  anything  known 
in  the  animal  creation.  Thus  all  the  parts  of  a  plant,  extenial 
to  the  stamen,  are  created  in  perfect  subserviency  to  the  func- 
tions of  that  OTj^an  ;  and  of  the  stamen  itself,  bow  small  a  portion 
seems  to  be  essential.  The  filament  supports  the  anther,  the 
anther  inelcscs  the  pollen,  the  cell-walls  of  the  pollen  inclose  a 
little  matter,  and  it  is  only  a  part 
of  that  ultimate  production  which 
is  essential  to  the  function  for 
which  the  plant  was  chiefly 
created ! 

Before  leaving  this  part  of  our 
subject  we  must  refer  to  a  sub- 
stance lying  between  the  true 
stamen  and  the  pistil,  and  whicb 


Fig.  233. —  Pc  lien    tubes    in  the 
(EiiOthera  biennis. 


Fi;r.  232.— Pollen  tubes, 
pussinK  fi  om  the  pol- 
len,  a,   through    the     ^  - 1       j  .  -^    j?        ;i 
conductinpr  tissue  in    is  considerea  to  consist  oi  nnne- 
the  i)isiil  of  un  Antir-   ^.gioped  stamens.      It  is  known 
rhinum.                           '       i'                              «^,      v  ■, 
as   the    disk   (Fig.  241   c),   and 
appears  under  various  forms,  according  to  the  so-called  superior  and  inferior  positions 
of  the  ovary.     In  the  Compositae  and  UmbelliJSETse,  with  their  inferior  ovary,  the  disk 
is  a  fleshy  body,  placed  upon  it,  and  oftentimes  assumes  a  scaly  appearance.     In 
others,  as  the  Dead-netUe  and  other  labiate  plants,  it  is  found  beneath  the  ovary,  and 
has  some  resemblance  to  glands.    As  it  is  a  masaiif  undeveloped  stamfiBS,  its  position 
will  always  be  below  the  ovary,  athoughitmay  adhere  to  Hiat  organ,. and  ieem-.to  be 
pcrigynous  or  epigynous. 


Vis.  234.— Groins  of  Pollen ;  a,  Fufcliia ;  &,  Sckrpus  romanus ;  c,  antria;  d,  AnBeoiajfasics]ai& ; 

Cf  Acucia. 

[  The  Pistil. — The  pistil  is  the  female  part  of  the  flower,  and  the  centxal  point 
around  which  all  the  organs  placed  upon,  a  bnao^hare  arranged.  It  isTuauaUy 
a  complex  oi^an,  and  oftentimes  compounded  of  many  leaves.  It  is  readily  distin- 
guished by  its  central  position,  and  tho  dissimilarity  between  it.  and  the  staimcns  in 
height  and  form,  and  more  particularly  by  the  absence  ofi  an  anthei^xit  its.0pex.  Occa- 
sionally it  puts  on  a  fbliaceous  appearance,  as  in  Fig.  ^35. 
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In  a  majority  of  instances  it  is  alone ;  but  not  unfrequently  there  are  several  pistils 
so  as  to  constitute  one  or  more  whoris.  When  only  on©  exists,  it  is  termed  Monogynia, 
from  two  Greek  words  signifying  one 
1  female.  Bigynia  will  signify  two  pistils, 
and  so  on  (aa  was  explained  with  regard 
to  the  stamens),  until  we  arrive  at  I)o^ 
itcagyiiia,  whicli  rejHresent  about  twelve 
pistil?.  In  this  mode  eleven  orders  are 
added  to  the  classes  referred  to  at 
page  118;  and  to  these  one  other  is 
appended— -t'tis.  Polygynia,  which  sig- 
nifies an  indefinite  number  of  pistils. 
The  number  of  pistils,  as  well  as  of 
stamens,  forms  an  <>ssential  element  in 
the  Linneean  classification,  and  is  so 
employed  that  a  plant  with  one  stamen 
and  one  pistil  would  be  arranged  in  the 
c^  M<Hiandria,  and  order  Monogynia. 
The  pistil,  like  the  stamen,  is  divisi- 
ble into  three  parts,  each  of  wl:ich,  as 
veil  as  the  whole,  being  a  modification 
of  the  parts  of  a  leaf.  They  are,  first, 
the  free  end  or  apex,  called  the  stigma 
(Fig.  236  d)  ;  second,  the  dilated  base,  or  ovary  {b) ;  and,  third,  the  intermediate  stnic- 
tone,  or  ityle  (<?). 

The  stigma  is  <Mie  of  the  few  external  parts  mot  with' in  vegetables,  -which  are  not 


Fiff.  224,  show  i7\»  a  Pistil  Trith  recurved  bends,  an<l 
having  a  leafy  character. 


Fiff.  236.  Fig.  237. 

Fig".  236.— The  pistil  in  section,  showing  its  turgid  stigma,  d  ;  the  style,  with  the  conducting  tissue,  c  ; 

ovar^',  h  ;  peduncle,  a. 
Rg.  237.— A,,  a  pistil  with  notched  stagpoaa;  B,  Terealile  stamens. 
Fig.  233.— Stigmas. with  collecting  hairs. 

covered  with  cuticle, — at  least  in  the  vast  majority  of  instances.     Its  surface  is  usually 
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turgid,  and  covered  with  a  viscid  tenacious  fluid.  It  is  either  simple  or  divided 
into  two  or  more  parts,  and  when  divided  the  divisions  for  the  most  part  arrange  them- 
selves in  a  whorl.  The  simple  form  has  also  usually  a  notch  in  the  side  (Fig.  237,  A), 
indicating  the  normal  division  of  even  a  simple  stigma  into  two  parts  (see  page  126).  The 
anatomical  character  of  the  stigma  exhibits  a  series  of  cells  of  various  sizes,  bounded  on 
the  sides  by  another  series,  which  are  the  cuticular  cells.  It  is  in  direct  connexion  with, 
and  in  fact  is  formed  by  the  conducting  tissue,  to  be  described  with  the  style,  and  through 
the  pollen  tubes  pass  (Fig.  232).  The  function  of  the  stigma  is  that  of  collecting  the 
granules  of  pollen  upon  its  surface,  and  conveying  the  emitted  pollen  tubes  to  the  style. 
It  is  oftentimes  assisted  in  the  collection  of  the  pollen  by  hairs  which  siirround  the 
style,  and  which,  by  the  movement  of  the  air,  are  enabled  to  sweep  the  pollen  out  of 
the  ruptured  anther  (Fig.  238).  Whether  it  exercises  any  influence  upon  the  pollen,  so 
as  to  cause  it  to  emit  its  pollen  tube,  or  whether  the  property  of  emission  is  exdusively 
that  of  the  pollen  is  not  known.  The  pai-t  of  a  leaf  with  which  it  corresponds  is  the 
very  apex  of  the  midrib ;  and  as  the  leaf  is  folded  inwards  on  each  side  of  the  midrib  in 
order  to  form  the  pistil,  it  is  manifest  that  the  stigma  will  be  formed  by  the  two  surfaces 
folded  together,  and  thus  be  double  and  lateral  (not  absolutely  terminal).  It  is  present 
in  all  fertile  plants,  except  in  such  trees  as  the  Fir  tribe,  in  which  the  seeds  are  naked 
(Fig.  249),  and  is  stalked  when  situate  at  the  end  of  the  style,  and  sessile  when  the  style 
is  absent,  as  in  the  Poppy, 

Style. — ^This  resembles  the  filament  of  the  anther ;  and  as  its  function  is  that  of  sus- 
taining the  stigma  at  a  convenient  distance  from  the  ovary  for  the  reception  of  the 
pollen,  it  may  be  entirely  absent.  It  varies  in  form,  being  flattened  and  leaf-like  in 
the  iris,  very  thick  and  sometimes  angular  in  other  instances,  whilst  its  most  usual 
character  is  that  of  a  thread-like  or  tapering  process.     It  is  almost  always  colourless. 

The  anatomy  of  the  style  is  somewhat  peculiar,  since  it  not  only  has  bundles  of 
vascular  tissue  inclosed  by  a  cuticle,  as  in  the  filament  and  the  petiole,  but  there  is  a 
superadded  structure  called  the  conducting  tissue  (Fig.  232).  This  tissue  is  of  cellular 
character,  with  the  cells  loosely  arranged,  and  probably  is  a  prolongation  of  the  placenta 
(page  126).  It  is  connected  above  with  the  stigma,  and  below  -svith  the  ovary,  either 
at  its  highest  point,  as  is  usual,  or  at  its  side,  and  varies  much  in  quantity.  It  is 
analogous  to  the  elongated  midrib  of  the  leaf.   * 

The  Ovary, — This  is  the  expanded  base  of  the  pistil,  and  is  destined  to  contain  the 
seed,  and  to  become  the  fruit.  It  is  therefore  a  most  essential  part  of  the  organs  of 
reproduction,  and  is  the  seat  of  the  latest  developments  of  the  plant.  It  is  a  hollow 
organ,  consisting  of  a  single  cell,  or  divided  into  two  or  more  compartments,  in  each  of 
which  one  or  more  ovules  or  seeds  are  normally  found.  The  ovules  are  attached  to  the 
ovary  by  the  intervention  of  a  small  mass  of  cellular  tissue,  called  (from  its  analogpic  in 
animals)  the  placenta,  and  not  imusually  have  an  intervening  thread  of  tissue  named 
the/emw. 

The  form  of  the  ovary  is  usually  spherical  or  conical,  but  sometimes  it  is  flattened 
and  angular.  The  size  varies  very  much.  It  is  usually  sessile,  or  sittingupon  the 
end  of  the  peduncle ;  but  in  a  few  instances,  as  in  the  Passion  flower,  it  is  supported  on 
a  long  stalk. 

The  analogue  of  the  ovary  is  the  lower  expanded  portion  of  the  leaf,  or,  more  pro- 
perly speaking,  the  whole  of  the  lamina  except  the  terminal  extremity  of  the  elongated 
midrib.  This  is  the  type  of  the  construction  of  the  ovary ;  and  one  which  enables  us 
to  determine  the  conformation  of  the  ovary  with  considerable  accuracy.    We  shall  now 

Digitized  by  ^OOQIC 


THE  PISTIL. 


125 


Figr.  239. 
c  and  d  represent  a  single  and  double  car- 
pel, ^ith  a  and  h  to  illustrate  the  mode 
of  construction  out  of  a  leaf.  The  lower 
expanded  portion  is  the  ovary,  and  the 
free  upper  end  the  stigma.  There  are 
two  carpels ;  Ihey  face  each  other  at  d 
and  6.  c,  the  ventral  suture;  /,  the 
dorsal  suture. 


direct  attention  to  this  interesting  but  difficult  subject ;  and  in  doing  so  shall  consider 
the  pistil  as  a  whole. 

If  we  take  up  any  oral  sharp-pointed  leaf,  such  as  that  of  the  Poplar,  and  fold  its 
edges  together,  so  as  to  inclose  the  upper  surface, 
ve  shall  have  the  mode  of  construction  of  the 
ovary.  It  wiU  then  present  an  internal  cavity 
without  any  partitions,  bounded  on  each  side  by 
a  plate  or  valve,  which  is  the  half  of  the  lamina 
on  each  side  of  the  midrib.  There  will  also  be 
tvo  Knes  of  union,  or  sutures,  one  on  the  back 
formed  by  the  midrib,  which  in  the  leaf  naturally 
unites  the  two  sides  of  the  lamina,  and  the  other 
in  front,  formed  by  the  union  of  the  edges  of 
the  leaf.  The  former  line  of  union  is  called  the 
dorsal,  and  the  latter  the  ventral  suture.  Each 
ovary  will  thus  have  an  expanded  base  and  a 
narrower  apex,  with  a  single  cavity,  two  lateral 
pieces  or  valves,  and  a  dorsal  and  a  ventral 
suture  lying  between  them.  Such  an  ovary 
is  termed  simple ;  and  as  it  develops  the  placenta 
upon  the  inner  edge  of  the  ventral  suture,  the 
placenta  will  be  partly  attached  to  one  side  and 
partly  to  the  other,  and  thus  be  double.  So,  in 
like  manner,  with  the  stigma  above  mentioned ; 
it  is  situate  at  the  extremity  of  the  midrib,  on  the  ventral  suture,  and  will  be  formed 
by  both  sides,  and  consequently  be  double.  The  style,  when  it  exists,  will  have,  on  its 
dorsal  aspect,  the  vascular  structures  belonging  to  the  midrib ;  and  on  its  anterior  or 
ventral  part,  the  new  tissue  described  as  the  conducting  tissue  (Fig.  228),  which  will 
cither  be  a  mass  of  placentae  or  a  prolonged  placenta.  Thus  the  stigma,  conducting 
tissue  and  placentae,  occupy  the  ventral  suture ;  whilst  the  vascular  tissues  are  formed 
at  the  dorsal  suture. 

This  description  will  apply  equally  to  an  ovary,  which  consists  of  many  such  leaves, 
so  far  as  each  separate  leaf  or  carpel^  as  it  is  then  termed,  is  concerned,  provided  the 
development  of  each  part  proceeds  normally.  But  something  further  must  be  said  in 
reference  to  the  arrangement  of  the  leaves  or  carpels. 

If  the  various  carpels  are  so  situated  that  they  are  not  connected  with  each  other, 
the  ovary  is  called  Apocarpus  (Fig.  240) ;  but  if,  as  is  usually  the  case,  they  are  closely 
and  indissolubly  associated,  the  ovary  is  said  to  be  Syncarpous  (Fig.  241).  When  only 
two  carpels  are  formed  they  may  be  placed  side  by  side ;  that  is,  with  their  ventral 
sutures  having  the  same  direction,  or  facing  each  other,  when  the  same  sutures  will 
regard  each  other  (Fig.  239).  If  three  or  more  carpels  are  formed,  they  will,  in  obedience 
to  a  general  law,  be  placed  in  a  whorl,  and  consequently  will  have  all  their  dorsal  sutures 
directed  outwards,  and  their  ventral  sutures  directed  inwards,  or  towards  a  common 
centre.  As  the  carpels  wiU  thus  be  placed  side  by  side,  there  will  be  spaces,  however 
small,  between  them ;  and  thus  there  will  be  alternately  a  carpel  and  a  space  (Fig.  243). 
The  space  will  be  bounded  by  a  carpel  on  either  hand,  and  may  therefore  be  said  to 
have  double  walls.  The  space  and  the  boundary  walls  are  together  called  the  dissepi- 
m^nfSf  or  septa ;  and  when  the  carpels  are  united  into  one  mass,  the  whole  may  be 
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regarded  as  one  cavity,  divided  into  several  compartments  by  these  septa,  as  in 
the  Orange,  -which  exhibits  an  ovarium  of  ten  carpels.  These  •  compartmeiztff  arc 
called  cells ;  and  an  ovary  made  up  of  many  carpels  is  -said  to  have  so  many  cefis^  as, 
for  example,  a  four-celled  ovarium  (Fig.  242).  Biit  it  often- 
times happens  that  the  septum  becomes  imperfect,  and  thus  [ 
reduces  the  number  of  cells  or  compartments;  and  should 
this  be  Uie  case  with  all  the  septa,  a  many-celled  might 
be  reduced  to  a  one-celled  ovarium,  as  in  the  Poppy.  So 
far,  then,  a  compound  ovary  consists  of  a  whorl  of  carpels 
and  a  number  of  cells  and^  septa.  Its  style  will  also  be 
compoimded  of  the  midribs  of  so  many  leaves,  and  have  an 
equal  number  of  bundles  of  vascular  tissue  and  lines  of 
conducting  tissue.     The  stigma  will  be  coarponnd,  and 


Fig.  240,  Kgv  241. 

Fig-.  240.— Apocarpus.oTary,  in  which  each  pistil  is  separate.  A,  situate  within  the  rows  of  stamens 
on  the  flower ;  B,  detached 

Fig.  241-— A  syncarpous  ovary,  or  an  ovary  in  which  the  carpels  are  indtssohibly-  united,  a,  ova- 
rium; by  limb  of  the  calyx,  united  to  the  side  of  the  ovary ;  c,  the  disk  surmounting  the  ovary ; 
df  placentee  j  e,  ovules  ;  /,  style;  g,  stigma;  «,  peduncle. 

roprese&trthe  same  number  of  leaves^  or  double  the  number  should  each  half  of  the 
stigma  .of  each  be  separate  ;  or  it  may  be  that  the  styles  and  stigma  of  each  carpel 
remain  distinct,  and  then  there  will  bo  as  many  pistils  as  there  are  carpels.  This 
is  an  arrangement  of  the  ovary  found  very  frequently;  but  in  the 
Eannnculus  or  Crowfoat,  the  Strawberry,  and  many  others  (Fig.  240), 
the  ovarium  is  still  more  complicated.  The  further  complication  is 
due  to  the  presence  of  two  or  more  whorls  of  carpels  instead  of  a  single 
whori.  "We  will  consider  an  ovarium  of  two  whorls  only,  since,  if  that 
be  understood,  the  reader  will  readily  comprehend  the  arrangement  of 
any  number  of  whorls.  When  two  whorls  exist,  one  will  be  within  the 
otiier;  and  thus  the  dorsal  sutures  of  the  inner  will  be  opposed  to  the  ventral  sutures 
of  the  outer  whorl ;  and  in  obedience  to  the  law  mentioned  at  page  116,  the  members 
of  the  inner  whorl  will  be  alternate  with,  and  not  oj^site  to,  the  members  of  the 
outer  whorl.  Thus  a  memb^  of  the  inner  whorl  will  be  immediately  in  front  of 
the  septum,  or  line  of  dehiscence,  of  two  members  of  the  outer  whorl.  This  will  also 
apply  to  the  styles  and  stigmas  of  the  inner  as  opposed  to  those  of  the  outer  whorl, 

Eeference  is  frequently  made  to  two  circumstances  connected  with  the  arrangement 
of  the  carpels — viz.,  the  position  of  the  placentae  and  dissepiments  relatively  to  the 
stigma  and  other  parts.  As  the  placenta  and  stigma  are  both  formed  an  the  inner  side 
of  the  ventral  suture  (Fig.  244,  c),  the  position  of  one  may  be  determined  by  that  of 


Fig.  242.— A 
four-celled 
ovarium. 
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i  the'other ;  and  should  tlie  -edges  of  the  Yewtralstttare  be  open  at  the  point  of  derytclop-* 
!  meat  of  the  plaesnU  (Fig.  239),  and  doaedat  that  of  the  stigma^  there  -vrill  be  two 


Fig.  243.  Fig.  244. 

fig.  243.— Showing  two  rows  of  carpels,  one  within  the  other. 
cindieateflthedonRil  and  ^  the' ventral  suture;  whilst  dis  and  the  bracket  mark  the  position  and 

Gompoflition  of  the  dissepiment  or  septum.^     The  dovsal  eature,  c,  ot  the  inner  whorl  is  opposed 

to  the  dissepiment  of  the  outer  whorl. 
Ft9.-244. — ^RefpresantingthealternatepoBitionof  the  dissepiments,  or  sept !i,  with  the  placenta  and 

carpels  in  an  ovary  with  three  cacpels,  a ;  *,  is  the  diasepinacnt,.  or  the  interval  between  the 

carpel  and  its' boundary  walls ;  c,  represents  the  ovules  and  placentae  at  the  angle  of  the  carpels, 

sad  separated  frc«K  each  other  by  the  dissepiments. 

placentae  to  each  carpel,  and  the  latter  will  have  a  placenta  on  either  hand.  So,  also , 
should  the  stigma  be  double  whilst  the  placenta  is  single,  the  two  stigmas  will  bo  on 
either  hand  of  the  placenta. 

As  the  dissepiments  consist  of  the  interval  between  the  cai-pels,  as  well  as  of  the 
walls  which  bound  it,  and,  in  fact,  lie  between  the  carpels,  they  will  be  alternate  with 
the  stigma,  placenta,  and  carpels  (Fig.  243).  They  will  also  be  perpendicular  or 
longitudinal  from  the  base  to  the  apex  of  the  leaf,  and  will  be  equal  in  number  to  the 
carpels,  at  least  when  more  than  two  carpels  are  present,  and  one  carpel  cannot  have  a 
dissepiment. 

Various  irregularities  occur  in  the  development,  or  subsequent  growth,  of  the'  parts 
of  an  ovary,  and  especially  in  reference  to  the  placentae  and  septa.  Thus,  when  the 
placentae  are  not  developed  on  the  inner  surface  of  the  ventral  sutm-e,  but  upon  the 
outer  surface — ^that  is  to  say,  on  the  part  looking  into  the  space  between  the  carpels — 
the  septa  and  placentae  wiU  be  opposite  to  and  not  alternate  with  each  other ;  and  then 
the  placentae  will  be  alternate  with  the  stigma.  Again,  in  many  cases,  as  in  the  Poppy, 
the  Lychnis,  and  the  Violet,  the  septa  are  imperfect,  and  do  not  extend  from  the  dorsal 
to  the  ventral  suture.  In  the  Lychnis  the  portion  to  which  the  placentre  are  attached 
at  the  ventral  suture  remains,  whilst  the  remainder  is  altogether  removed ;  and  thus  the 
placentae,  with  a  small  portion  of  the  septa,  remain  isolated  at  the  centre  of  the  ovary, 
and  are  termed  *^  free  central  placentae  "  (Fig.  24^).  In  other  instanees  the  central 
part,  or  the  ventral  snture  alone,  is  removed ;  and  then  the  plaeentse  are  situated  on  the 
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sides  of  the  septa,  and  are  called  lateral  placentae  (Fig.  246).  In  others  still,  the 
whole  dissepiment  is  removed,  and  the  placentae  are  placed  near  to  the  dorsal  suture 
(Fig.  247). 


^-\  \% 


^fe 


Fig.  245.  Fig.  246.  Fig.  247. 

Fig.  245. — Representing  an  ovarium  -with  free  central  placentse. 

Fig.  246.— Lateral  placentae  in  the  Poppy  ;  the  centre  being  vacant. 

Fig.  247. — Lateral  placentae  placed  very  near  to  the  dorsal  suture,  as  in  the  Violet. 

The  source  of  the  placenta  is  still  a  matter  of  doubt ;  but  it  is  either  the  termination 
of  the  growing  point,  as  Schleiden  affirms,  or  it  is  a  modification  of  the  cells  of  the  leaf 
at  the  ventral  suture.  As  the  position  of  the  placenta  is  the  centre  of  the  very  extreme 
end  of  the  branch,  and  as  it  is  the  point  of  attachment  and  growth  of  the  ultimate 
organ  of  reproduction  in  plants,  it  is  probable  that  Schleiden' s  theory  is  both  more 
correct  and  more  philosophical  than  that  which  has  been  more  universally  received. 

Before  leaving  this  part  of  our  subject  we  should  state  that  the  pistil  is  rarely,  if 
ever,  transformed ;  but  occasionally  it  is  itself  a  transformed  stamen,  as  in  the  Horse- 
radish {CoeMenria  afmoracia))  and  the  House-leek  (Sempervivum  tectorum). 

The  Ovule. — Having  now  described  the  house  provided  by  nature  for  the  seed, 
or  embryo  plant,  we  proceed  to  consider  the  organs  for  the  protection  and  growth  of 
which  it  was  designed. 

The  ovule  is  the  unripe  seed,  and  consequently  is  the  product  of  the  organs  of 
reproduction  in  the  plant.  It  resembles  a  leaf-bud  in  its  function,  and  also  in  its 
structure,  in  so  far  that  it  has  a  central  growing  point  and  protective  coverings ;  and 
in  many  instances,  as  the  Mignionette  and  other  plants,  it  has  directly  produced  leaves^ 
without  the  intervention  of  a  leaf-bud. 

The  nucleus  is  the  central  growing  point  (Fig.  250,  g),  and  consists  of  a  mass  of 
cells,  having  the  chemical  constitution  of  albumen ;  within  it  is  a  cavity  containing 
fluid  called  the  amnistic  sac  and  fluid  (Fig.  250,  A).    It  is  formed  at  the  earliest  mo- 


Orthotropal.  Campylotropal.  AnatropaL  AmphitropaL  Semianatropal. 

Fig.  248.— Representing  the  relation  which  the  base  and  apex  of  the  nucleus  bear  to  the  hilum 

and  foramen  in  the  normal  and  abnormal  conditions 
Tlic  dot  represents  the  foramen,  the  *  the  chaluza;  the  ontline  is  the  primine,  and  the  opening 

into  it  is  the  hilum  at  which  the  vessels  enter. 

ment  of  the  development  of  the  ovule,  and  subsequently  is  inclosed  in  two  coverings  or 
sacs,  open  at  the  top,  the  outer  one  of  which  is  called  primine  (Fig.  250,  e),  and  the 
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inner  one  secunditie  (Fig.  250  c*).  The  secundine  is  very  delicate,  and  is  larger  than 
the  primine,  and  usually  protrudes  through  the  opening,  or  foramen  (Fig  250  b),  and 
can  be  examined  only  at  the  earliest  period. 

It  has  already  been  stated  that  the  ovule  is  connected  with  the  ovary  by  means  of 
a  placenta,  and  a  delicate  cord,  termed  the  umbilical 
cord  (Fig.  250  a) ;  and  this  is  imiversal,  except  in  such 
plants  as  have  naked  seeds,  or  seeds  and  ovules  deve- 
loped without  ovaries  (Fig.  249).  Such  axe  the  Coniferae 
and  Cycads,  whilst  the  Mignionette  has  the  seeds  par- 
tially naked.  When  it  grows  from  the  base,  or  near 
to  the  base,  of  the  ovary,  it  is  called  erect  and  ascending, 
respectively ;  and  when  suspended  from  the  top,"  or  near 
to  the  top,  is  ^xsrm&di pendiUom  and  suspended,  respectively. 
The  relative  position  of  the  nucleus,  coverings,  foramen, 

and  funis,  is  variable,  and 

is  important,  since  it  enters 

into  the    classification    of 

plants.       In     the    normal 

position  the  base    of   the 

nucleus  is  next  to  the  pla- 
centa, and  is  marked  by  a 

hUurn  on  the  coverings  at 

which    the  vessels    enter, 

whilst  its  apex  is  directed 

to  the  foramen.      Such  an 

ovule  is  termed  orthotropal 
(Fig.  248  a).  When  this  arrangement  is  changed  only 
so  far  that  the  foramen  is  curved  down  so  as  to  approach 

the   hilum,  the    expression  campylotropal   is  employed    foramen  or  endostome,  hx. 
(Fig.  248  h).      In  other  cases  the  nucleus  changes  its        d,  the  nucleus,  with  its  apex 
position;  so  that  its  poles  are  reversed,  and  its  base  is    i7,  and  amniotic  sac,  A. 
removed  from  the  hilum  to  the  point  most  distant  from 

it,  whilst  the  foramen  with  the  apex  of  the  nudeus  is  brought  near  to  the  hilum. 
This  change  is  caUed  anatropal  (Fig.  248  c),  as  m  the  Apple,  Almond,  and  Cucumber. 
The  terms  atnphitrqpal.axx.dL.semianatropal  (Fig.  248  d  and  e),  indicate  that  the  two  ends 
of  the  nucleus  are  transverse  with  respect  to  the  hilum. 

Whenever  the  nucleus  has  its  base  removed  from  its  normal  position  at  the  hilum, 
it  is  in  danger  of  dying  from  want  of  nourishment,  since  thus  it  is  separated  frt)m  the 
placenta  and  umbilical  cord  (Fig.  248  c),  the  source  of  its  nutriment;  but  this  is 
averted  by  the  formation  of  a  bundle  of  vessels  caUed  a  raphe  (Fig.  248  e),  occupying 
the  ventral  suture  of  the  ovary,  and  passing  from  the  hilum  to  the  base  of  the  nucleus, 
where  it  distributes  itself  in  a  star-like  form,  termed  chalaza.  The  chalaza,  therefore, 
cannot  exist  apart  from  the  hilum  without  a  raph^,  and  both  are  absent  so  long  as 
the  base  of  the  nucleus  is  in  apposition  to  the  hilum  in  the  membranes. 

PKUIT. 

When  the  ovary  and  its  contents,  of  which  we  have  now  treated,  have  arrived  at 
maturity,  they  are  named  frxdt,  and  that  quite  independent  of  any  edible  quality  which 


Fig.  249. — Representing  a  cone, 
between  the  scales  of  which 
the  seeds  lie  naked. 


Fig.  250.— Exhibiting   the  va- 
rious parts  of  an  ovule. 

a,  the  phicenta,  with  its  vas- 
cular cord  leading  into 

«,  the  raphd,  which  expands 
at/,  at  the  base  of  the  nucleus, 
and  forms  the  chalaza. 

c,  the  primine,  with  its  fo- 
ramen or  exostome,  h, 

c*,  the  secundine,  with  its 
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tix&y  may  or  may  not  possess.  At  this  stage  the  ovule  has  matured  into  a  seed,  andthe 
OYArium  either  remains  still  as.ii  mere  containing  vessel,  or  certain  parts  of  it.  have 
become  £tted  to  sustain  the  life  of  the  seed  during  the  earlier  periods  of  itagezminaiion. 
I  It  is  to  the  latter  form,  as  the  Apple,  that  the  term  fhiit  is  popularly  applied ;  but,  in 
botanical  language,  the  term  still  oomprehenda  the  ovarium  with  its  cantenis,  whatever 
may  be  the  nature  of  either. 

Fruit,  then,  consists  of  various  ports — viz.y  the  ovary  and  its  contents ;  but  in  many 
instances  there  are  additions  to  it,  in.  the  form  of  the  remains  of  some  or  all  o£  the  other 
parts  of  the  flower.     Thus,  in  the  Strawberry  and  Apple,  the  calyx  remains,  and  is 

converted  into  a  suoculent  substance,  or  the  part  of 
l^ese  fruits  which  is  eaten;  and  in  the  latter  <jhe 
tjorolla  al^  remains.  The  Pine  Apple  is  composed 
of  all  the  parts  entering  into  the  composition  of  the 
ovary — rw.,  bracts,  calyx,  corolla,  and  ovary.  The 
Orange  (Figs.  181  and  19)  is  an  ovary  containing 
the  seeds,  and  a  succulent  mass,  in  which  the  re- 
fireahing  juice  is  placed.  On  the  upper  part  of  this 
ovaxy,  and  at  the  centre,  will  be  found  a  circular 
spot,  at  which  the  pistil  was  formerly  attached  to 
the  ovarium,  and  traces  of  the  like  attachment  may 
be  found  upon  most  fruits;  bat  in  certain  large 
classes,  as  the  Labiata  and  Kosacese  the  style  passes 
from  the  side,  and  not  from  the  centre  of  the  su- 
perior aspect  of  the  ovary.  In  a  few  instances  only 
Fig.  251.— The  stra\?beiTy,  consisting  is  the.  ovarium  absent;  viz.,  in  the  case  of  the  naked 
of  a  succulent  calyx.  ^^  ^^  ^^  OonifersB  and  Cycads  (Fig.  249),  and  in 

one  or  two  others,  in  which  the  ovarium  is  ruptured,  and  the  seeds  escape  long  before 
the  maturity  of  the  fruit ;  but  when  the  fhiit  has  been  formed,  the  term  ovarium  is  no 
longer  appUed. 

The  structure  of  the  fruit  is  precisely  that  of  the  ovturium,  except  in  the  instances 
in  which  the  maturation  of  the  organ  has  caused  certain  mallbrmations ;  and  alUieugh 
the  former  is  undoubtedly  the  rule,  the  latter  occurs  so  frequ^itly  that  an  examinaticm 
of  the  parts  is  at  all  times  necessary.  Thus^  on  the  one  hand,  the  number  of  carpels 
noems  to  be  lessened,  as  in  the  three*oelled  ovarium  of  the  Goooa-nut  {Cocoswucifera),  in 
which  but  one  cell  and  one  seed  remain  in  the  fruit.  Such  is  also  the  ease  in  the 
common  Hazel-nut,  except  that  the  absorption  has  progressed  a  step  further,  and 
has  left  but  one  cell  and  one  seed  out  of  three  carpels  and  six  ovules.  In  a  few  other 
cases  the  number  of  cells  iaat  least  apparently'increased,  since  new  partitions  are  placed 
across  the  ovarium,  in  order  to  separate  the  seeds  fixxoi  each  other. 

The  fruit,  like  the  ovary,  is  also  said  to  be  superior  or  inferior,  and  for  the  same 
reasons — ctz.,  the  adherence  of  the  envelopes  of  the  flowers  in  the  latter  and  not  in  the 
former.    It  is  divisible  into  two  distinct  paits->:the-seed  and  the  pericarp. 

The  Pericarp  is  composed  of  three  parts  or  layers,  one  within  the  other — viz.,  the  I^i- 
carp  (a)  or  external  layer ;  iheMidoearp  (i)  or  intemal  layer ;  and  ikeSarcoearp  (e)  orflediy 
substance  lying  between  them  (Fig.  259).  Thus,  in  the  Apple  the  outer  skin  is  the 
epicarp,  the  juicy  part  of  the  fruit  the  sarcocarp,  and  the  tough  thick  wall-celled  cover- 
ing to  the  seeds  (Fig.  36)  is  the  endocarp.  The  same  relation  is  found  in  stone  fruit ; 
arid  the  stoniy  covering  of  the  seed  is  the  endocarp.     The  epicarp  is  less  subject  to 
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variation  than  the  other  structures ;  .-but  ishe  sarcoaarp  and  endocarp  assume  every 
possible  variety  of  form  and  consistence. 

We  have  not  hitherto  referred  to  the  mode  of  opening  of  the  ovarium,  since  it  is  not 
imtiiihat  organ  has  attained  its  jmaturity  that  it  becomes  necessary  to  make  provision 


O 


Fig.  252.— Represeniing  the  ordinary  modes  of  dehiscence  of  fruit,    a,  Septicidal,  or  between  the 
carpels;  b,  septifragal  or  by  the  backs  of  the  oarpdLs ;  c,  locoltcidal,  or  through  the  dorsal  sutare. 

for  the  emission  of  the  seed.  This  occurs  in  l^e  {not,  and  is  a  matter  of  much  interest. 
From  the  construction  of  the  ovary  it  may  be  assumed  that  the  normal  mode  of  rupture 
of  the  fruit  would  be  between  the  carpels ;  and  such  a  mode  of  dehiscence,  as  it  is  termed, 
ia  said  to  be  aepikidal  (Fig.  252  a).  When  the  whole  back  of  the  carpel  comes  away 
from  the  septa  and  the  ventral  sutures,  the  dehiscence  is  called  septifragal  (Fig.  252  b) ; 
and  when  the  septa  remain  perfect,  whilst  the  ventral  sutures  become  detached 
from  each,  and  the  dehiscence  proceeds  through  the  dorsal  sutures  of  each  carpel,  it  is 
termed  lowUddal  (Fig.  252  c).  The  pieces  into  which  the  fruit  is  thus  broken,  are 
termed  valves ;  and  in  the  first  mode  (dehiscence),  each  valve  consists  of  an  entire 
carpel,  wlulst  in  the  two  latter  it  is  formed  by  parts  of  two  adjoaning  carpels.  When 
the  fruit  is  simple,  that  is,  composed  of  bat  one  carpel,  as  in  the  Pea  {Piaum,  Fig.  260), 
the  dehiscence  ia  through  sutures,  and  is  called  suturdly  and  there  are  no  dissepiments. 

In  the  Scarlet  Pimpernel  {Anagallis)  there  is  another  mode  of  dehiscence,  one  in 
which  the  upper  part  of  the  capsule  or  ovary  is  detached ;  and,  as  the  line  of  separation 
is  horizontal  and  not  perpendicular,  the  term  ctrwm«m»*?d  has  been  employed. 

Classificittlon  of  Fraits. — The  great  variety  which  exists  in  the  external 
appearance  and  anatomical  characters  of  fruit,  renders  it  necessary  to  devise  terms 
v^hich  may  serve  easily  to  distinguish  one  kind  from  another ;  and  as  the  number  of 
such  terms  is  very  considerable,  it  has,  at  all  times,  been  customary  to  classify  them 
according  to  their  relationships.  This  has  been  effected  by  various  writers,  with 
different  degrees  of  success  ;  and,  as  we  cannot  devote  much  space  to  a  consideration  of 
this  question,  we  think  it  will  be  most  useful  to  transcribe  the  newest,  and  perhaps  the 
most  comprehensive,  system, — that  of  Professor  Lindley. 

Class  I.    Fruit  simple.    APOCAEPI. 
One  or  two-seeded : — 

Membranous Utmculus.  ';' 

Dry  and  bony        .......    Achjenium. 

Meshy  externally,  bony  internally  .        .        .    Dbupa. 

JMany-seeded : — 
Descent : 

One-valved .    Polliculus. 

Two-valved     .......    Legumen.  > 

Indehiscent    ........    Lomentum. 
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Class  II.     Fruit  aggregate.    AGGEEGATI. 

Ovaria  elevated  above  the  calyx : — 

1                          Pericai-pia  distinct 

Et-erio. 

1                          Pericarpia  cohering  into  a  solid  mass 

Syncabpium. 

Ovaria  inclosed  within  the  fleshy  tube  of  the  calyx 

Ctnakrhodttm. 

CL.VSS  III.     Fruit  compound.     SYNCARPI. 

Sect.  I.     Superior :   • 

1                          A.  Pericarpium  dry  externally  : 

Indchiscent : 

One-celled 

Cabyopsib. 

Many-celled : 

Dry  internally : 

Apterous 

Winged 

Carcerulus. 

Samaba. 

Pulpy  internally        .... 

Amfhisarca. 

Dehiscent: 

By  a  transverse  suture      .... 

Pyxidium, 

By  elastic  cocci 

Kegha. 

By  a  longitudinal  suture .         .        .        . 
By  valves : 

Placentae  opposite  the  lobes  of  the 

CONCEPTACXJLUM. 

stigma: 

Linear       .        .        . 

SiLiauA. 

Koundish 

SnjcuLA. 

Placentae  alternate  with  the  lobes  of 

the  stigma : 

Valves  separating  from  the  replum 

Cerathtm. 

Keplum  none      .... 

Capsula. , 

B.  Pericarpium  fleshy : 

Indehiscent: 

Sarcocaipium  separable    .... 

TTE.SPERIDIUM. 

Sarcocaipium  inseparable 

NUCULANIUM. 

Dehiscent 

Tryma. 

Sect.  2.  Inferior :  ' 

A.  Pericarpium  dry : 

Indehiscent : 

CeUs  two  or  more 

Cremocarpium. 

Cell  one : 

Surrounded  by  cupulate  involucrum  . 

Glans. 

Destitute  of  a  cupula 

Cypsela. 

Dehiscent  or  rupturing 

DiPLOTEGIA. 

B.  Pericarpium  fleshy : 
Epicarpium  hard : 

Seeds  parietal 

Pepo. 

Seeds  not  parietal 

Epicarpium  aoii : 

Balausta. 

Cells  obliterated,  or  unilocular  . 

Bacx;a. 

CeUs  distinct 

POMUM. 

Class  IV.     Collective  fruits.    ANTMOCAEPI. 

Single: 

Perianthum  indurated,  dry 

DiCLBSIUM. 

Sphalerogab*- 

Aggregate : 

PIUM. 

Hollow 

Syoontts. 

Convex : 

An  indurated  amentum 

Strobilus. 

A  succulent  spike 

SOROSIS. 
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The  znost  common  kinds  of  froit  are  the  Fomum  (Fig.  256),  or  Apple ;  DrttpOf  or 


Fig.  258. 


Tig,  261. 


F  ig.  260. 


Fig.  253.--SiIiqt]a.  Fig.  254.— Capsnle.  Fig.  255.— Siliqna,  with  ralves  separate. 

Figs.  256  and  259.— The  Pomum.  Fig.  257.— Strobilus.  Fig.  258.— Drupe. 

Fig.  260.— Legttme.  Fig.  261.— Olans. 

J>mj>ej  as  ihe  Plum  (Fig.  258) ;  Strobilus^  as  the  Pine  Apple  (Fig.  257) ;  Olans,  as  the 
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Fig.  262.— Seed, 
a,  cotyledons ;    6,  embryo. 


Acorn  (Fig.  261);  Legumen  or  Legume^  as  in  the  Ptia  (Fig.  260);  SiUqua,  or  pod,  as 
in  the  Mustard  (Fig.  255),  and  which  differs  from,  the  Legumen  chiefly  in  the  longi- 
tudinal false  dissepiment  at  a  being  present  in  the  former,  and  dividing  the  cavity  into 
parts ;  Capttdey  as  in  the  Larkspur  {Delphinum)  or  Poppy  (Fig.  254) ;  and  Bacca,  or  two 
berry,  as  Currant. 

The  Sied.1 — ^Thia  seed  is  the  mature  ovule,  and  in  its  internal  anatomy  maintains 
a  great  resemblanoe  to  that  body.    The  pro-  ^ 

cess  of  growth  and  develc^ment  has,  how- 
ever, induced  certain  modi£cationa  which  it 
it  needfoi  to  understand,,  and  the  more  so 
that  the  characters  of  the  seed  have  of  late 
years  become  of  great  importance  in  the 
description  and  classification  of  plants.  Like 
the  ovule  it  consists,  in  general  terms,  of 
a  growing  point,  and  contains  membranes. 
The  term  embryo  is  expressive  of  the  former 
(Fig.  262  b)j  and  testa,  in  a  general  sense,  of 
the  latter. 

The  testa,  or  coverings  of  the  seed,  arc  divisible  into  three  or  more  layers — viz.  the 
outer  one,  or^?rM»tw5;  the  inner  one,  or  seeundine;  and  the  third  coat,  or  tercine.  The 
detection  of  these  three  coats  is  oftcntimea  a  matter  of  difficulty  ;  but  our  readers  who 
have  tolerably  good  microscopes,  and  who  have  attained  to  a  certain  degree  of  delicacy 
of  manipulation,  need  not  fear  to  enter  upait  it.  It  will  be  needful  to  examine  a  seed 
in  its  fre^  state,  and  to  seek  the  sepanttion'of  its  coots  by  immersion  in  water  for  some 
hours,  and  subsequently  by  the  aid  of  the  needles. 

The  outer  integument  is  commonly  smooth^  somewhat  dense,  and  resisting ;  but  it 
may  assrome  every  variety  of  character.  The  most  interesting  departure  &om  the 
estuddished  rule  is  in  the  instance  of  the  Cotton  seed  {Gossypium),  Sage  {Salvia,  Fig. 
26Z%  and  the  Collomia  grandiflora^  in  which  a  large  number  of 
shrivelled  hairs  are  attached  to  this  membrane.  There  is  no 
difficulty  in  seeing  them  in  the  Cotton  plant  under  every  condi- 
tion ;  but  in  the  latter  examples  they  are  inappreciable  to  the 
naked  eye,  until  they  have  been  immersed  for  an  instant  in 
water,  when  they  start  out,  and  give  a  fringed  .ehazaGter.to  the 
seed.  The  hair  in  this  case  contains  a  spir^j6iRx^  (Fig^2S8), 
which  is  the  cause  of  its  elasticity  (pages  14  and  66]L  Lftiotbior 
instances  it  is  largely  developed  and  fleshy.  The  innsmsBdaaae 
is  placed  immediately  within  the  outer  integnraoit^  ainl.- itself 
indoees  the  most  external  or  third  coat.  TTi w  iittgr:  awrrfdpe 
is  in  immediate  proximity  to  the  nucleus  or  embryo, -and  is  diag. 
nosed  from  its  inclosing  covering  simply  by  the  nan-perforation 
of  its  apex.  sa»«- 

These  various  membranes  are  seldom  distinct  in  the  seed,  and  consequently  it  is 
customary  to  speak  of  the  testa  of  the  seed  rather  than  of  the  primine,  or  any  other 
speeific  part  of  the  coTering. 

The  2f  Helens. — This  is  the  growing  point  abea^xeferredto  at  page  129,  as  the 
nadens  of  the  ovule,  and  now  consists  of  two  distinct  parts, — the  true  growing  point, 
or  emlnyo,  which,  in  the  future  germination,  elongates  upwards  and  downwards  to 


Hg.  263.— Fibres  of 
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foiBi  the  new  plant;*  and,  in  most  instanceB,  one  or  more  maMes  of  allMiiiieiL  destmed  to 
supply  food  to  the  newly  forming  plant. 

The  direction  of  the  embryo  in  the  seed  varies  as  grestiy  as.  th^  of  the  nnclens  in^ 
the  ovule,  and  is  always  determined  by  similar  means—m.,  the  position  of  the  chalaza^ 
micropyle,  and  raphe.  The  terms  employed  to  designate  this  relation  are  similar  to, 
but  not  identical  with,  these  giyen  at  page  128  in  reference  to  the  ovule.  Thns  antitropal 
in  the  seed  corresponds  with  orthotropal  in  the  ovule,  the  sacs  of  the  ovule  not  being 
inverted,  but  the  embryo  inverted  with  respect  to  the  seed,  as  in  the  Stinging  Nettles. 
Orthotropal  in  the  seed,  as  in  the  Apple,  is  the  anatropal  of  the  ovule ;  ampkitropdl  in 
the  seedy  that  of  camphylotropal  in  the  ovules,  as  in  the  Mignonette,  and  have  both 
apex  and  radicle  next  to  the  hilum ;  and  last,  heUrotroptU  in  the  seed,  is  the  amphi- 
tropal  or  semi-anatropal  of  the  ovule,  and  they  lie  across  the  seed.  In  the  antitropal 
and  amphitropal  forms  there  will  be  neither  raptie  nor  chalaza;  whilst  in  the  ortho^ 
tropal  and  heterotropal  varieties  both  these  parts  w^  be  present. 

The  above  is  indicative  <^  the  relation  which  the  embryo  bears  to  other  parts  of  the 
seed ;  but  there  is  also  a  relation  which  the  whole  seed  has  to  the  fruit  of  which  it' 
forms  a  part.  The  seed  is  termed  tuemdm^j  when  the  direction  of  its  apex  is  that  oi 
the  apex  of  the  fruit ;  descending^  when  the  contrary,  or  towards  the  base  of  the 
fruit ;  centrifugal  if  towards  the  sides ;  and  centripetal,  when  towards  the  axis  of  the 
fniit. 

The  albumen  varies  greatly  in  quantity,  as  may  be  seen  by  contrasting  the  split  Pea 
with  the  white  of  the  Oocoa-nut.     It  also  oflbrs  great  diversity  in  solidity,  from  a  mass 
of  jelly-like  consistence,  to  the  haidest  ivory,  as  in  the  Ivory  Nut  (Fig.  38)  in  its  dried* 
state.     It  is  not  present  in  all  seeds,  and  in  many  is  so  minute  in  quantity  that  the* 
.  uncroseope  alone  can  detect  it.    Wherever  it  exists,  it  immediately  surrounds  the* 
I  growing  point.     Its  sfruoture  is  cellular,  as  -shown  in  Pigs.  37,  38,-  39,  and  othenr, 
as  may  be  readily  proved,  by  placing  a  very  thin  portion  of  a  green  pea  under  the' 
microscope;     When  it  is  met  with  in  the  embryo  sac  (page  129)  it  is  called  Ei^doiperm^ 
(within  the  seed)  ;  and  when  it  constitutes  the  nucleus  it  is  known  as  the  Pvritperm 
(Bsound  the  seed).    Sometimes  it  is  placed  near  to  the  chalaea ;  but  it  never  ooeupies 
the  position  of  the  membranes.    In  DieotyUdonoue  plants,  as  the  Psa., 
theseed  readily  separates  into  two  halves^  which  proves  that  the  maflt 
is-^visible  into  two  lateral  and  symmetrical  portions,  termed  Ootyiedonsji 
or  seed-leaves  (Fig.  262).    In  MonoeotyUdciwm  phmts,  as  the  Palms,  the* 
albumen  cannot '  be  divided  into  parts,  andhenoe  the  terms  Monocoty- 
'    ^,(-,     lettonj  or  on©  seed-leaf  (Fig.  264) ;  and  in  certain  plants  it  is  so  reduce* 
I           tW     ^  qnantity  that  the  seed  is  termed  i^ttrfytefowow,  oraseed  without  coty* 
^      ledens.    These  terms  aie  of  great  moment,  and  of  constant  empteyin«rt^ 
^^      since  the  two  fonuer  correspond  to  the  exogenous  and  endogenous  diviv 
^5' M'-nS!  8i«»  ^  I^«»te  referred  to  at  page  81,  et  seq.    All  flowering  exogeM,  or^ 
iSS"S2!r'rf  neariy  so,  aie  Dicotyledons ;  all  endogens,  ornearly  so,  Monocotyledoio^ 
«r^f^f^"**  aU  flowerleas  pJaals,  Acotyledans.    The  arrangement  of  the  P«rt« 
SrCo?     in  the  embryo  T-rfeThi  the  cU«e.'  just  mentioned,,   as   ma^t   W 
1    ^Si^fJ".'    expected,  whenin  germinatkm  one  puts  forth  no  seed  leaves,  anotbe. 
'    ';&•!''     on^one^andathiMtwo.     The  direction  of  the  Cotyledons  is  ^^a^y 
straight;  when  two  or  more  exist,  they  are  plaoed  face  to  face.     They  are  ^^^ 
imwihent  when  they  axe  folded  with  their  baek  upon  the  radicle,  but  accumbent  ^tx^ 
their  edges  occupy  that  position.  ^_^^____^_^__^«__«.»^^ 
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'  The  seed  of  a  Dicotyledon,  as  the  Pea  or  Apple,  presents  the  following  parts  (Fig. 
265] :  two  CotyledonSy  or  seed-leaves,  a,  at  the  upper  part,  within  the  hase  of  which  is 
a  minute  pointy  destined  to  become  the  stem,  named  the  plumulej  b; 
and  at  the  bottom  of  the  seed  is  the  radicle^  e,  having  dimensions 
larger  than  those  of  the  plumule,  and  separated  from  the  Cotyle- 
dons by  an  unseen  line,  the  eaulieule.  Sometimes  the  Ootyledohs 
are  absent,  or  cohere  into  one  mass,  or  divide  into  a  greater  num- 
ber, as  four  in  the  Cruciferae,  and  double  that  number  in  some  of 
the  ConiferaB. 

An  approach  to  the  condition  of  a  Monocotyledenous  seed,  is 
seen  in  such  Dicotyledons  as  have  great  inequality  in  the  size  of 
the  Cotyledons ;  so  that  one  of  them  is  scarcely  perceptible.     In 
this  class   (Monocotyledons,'  represented  in  this  country  by  the  „    aeT^^^TheSeedof 
Grasses),  there  is  no  such  distinction  of  parts  as  that  now  referred     the  Garden  Bean. 

to ;  but  the  lower  part  of  the  seed  emits  a  number  of  radicles  «»  ^'^^f  t^^^i.^?^^" 
'  ^  mule ;  c,  raaicie. 

(Fig.  264  r),  whilst  from  the  upper  part  the  thread-like  green 
plumule,  py  is  emitted.  Thus  the  growing  points  are  sheathed  by  the  embryo,  which 
remains  within  the  testa  throughout  the  process  of  germination.  There  are  many 
exceptions  to  this  description;  but  they  do  not  materially  invalidate  the  rule  now 
given.  Monocotyledonous  plants  are  as  exclusively  endogenous  (p.  86)  as  dicotyledo- 
nous are  exogenous  in  their  general  structure. 

There  are  certain  plants  in  which  distinct  Cotyledons  have  not  been  discovered,  and 
hence  have  been  termed  Acotyledom ;  but  this  would  not  be  a  correct  mark  of  distinction 
for  the  members  of  the  two  classes  now  described,  sinco  it  is  probable  that  there 
are  parts  analogous  to  Cotyledons.  The  true  diagnostic  is,  that  in  these  plants  the 
germination  does  not  proceed  from  fixed  points,  as  the  plumule  and  radicle,  but 
indifferently  from  any  part  of  the  surface  of  the  seed.  This  is  the  condition  of  the 
embryo  in  the  great  class  of  plants  to  which  we  shall  presently  refer — «w.,  the  flower- 
less  plants. 

Thero  are  yet  one  or  two  points  to  which  reference  must  be  made,  before  we  conclude 
this  account  of  the  seed.  The  Amnios  (Fig.  250)  is  a  fleshy  bag  surrounding  the  embryo 
in  many  seeds,  and  consequently  lying  within  the  innermost  integument.  It  has  also 
been  termed  the  Yitellus,  or  Yolk-bag,  and  it  probably  performs  an  analogous  office  in 
the  sustentation  of  the  embryo. 

We  have  already  referred  to  the  hilum  and  other  vascular  parts  of  the  ovule  and 
seed,  and  need  here  only  to  state  that  the  hUum  is  the  umbilicus,  or  the  spot  at  which 
the  vessels  from  the  placenta  enter  the  seed.  In  many  plants  it  can  scarcely  be  seen^ 
whilst  in  others  it  is  of  a  dark  colour,  or  is  very  large,  as  the  Pea,  Bean,  and  Horse- 
chestnut.  The  micropyle,  or  foramen,  is  the  opening  in  the  seed  to  which  the  radicle 
is  always  directed,  and  may  be  at  the  end  of  the  seed  opposite  to  the  hilum,  or  the  two 
may  be  close  together,  as  in  the  Pea;  or  it  may  occupy  other  positions,  as  shown  at  page 
128,  in  reference  to  the  ovule.  '  Its  position  determines  that  of  the  radicle,  and  conse- 
quently is  of  importance.  The  chalaza  and  raphe  have  precisely  the  same  indications 
in  the  seed  as  in  the  ovule ;  but  the  latter  is  always  distinctive  of  the  face  of  the  seed 
when  the  figure  of  that  organ  does  not  render  the  determination  of  that  question  easy. 

The  placenta  is  the  cellular  expansion  by  which  the  seed  is  attached  to  the  ovary, 
and  brought  into  direct  connexion  with  the  sexual  organs  of  the  plant  through  its  pro- 
longation—the conducting  tissue  of  the  style. 
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The  Junta,  or  umbilical  cord,  when  it  exists,  connects  the  hilum  of  the  seed  with 
the  placenta,  and  conveys  the  vessels  to  the  ovule  and  seed. 

The  aril  is  known  familiarly  to  our  readers  by  the  spice 
called  mace,  which  is  the  aril  of  the  nutmeg,  as  may  be 
determined  by  an  examination  of  the  preserved  fruit.  It 
presents  a  great  variety  of  forms  and  characters  in  various 
plants,  and  oftentimes  it  is  difficult  to  distinguish  it  from  other 
structures ;  but  here,  as  in  the  case  of  bracts,  negative  evidence 
is  of  value,  and  supplies  us  with  the  expression,  "  that  every- 
thing proceeding  from  the  placenta,  except  the  seed,  must  be  an 
arih"  It  is  not  of  large  size,  except  in  fully  developed  seeds. 
It  is  closely  applied  to  the  outer  integument  both  of  the  seed 
and  ovule,  and  in  its  analogies  has  been  regarded  as  an  ovulary 
leaf.  Arils  are  divided  into  two  classes — viz.,  true  and  false 
arils,  the  distinguishing  mark  being,  that  in  the  former  the 
micropyle  or  exostome  either  is  covered,  or  would  be  covered, 
by  the  aril,  if  it  were  sufficiently  extended;  whilst  in  the 
latter  the  micropyle  is  at  all  times  free.  It  is  probable  that  the  aril  of  the  nutmeg 
belongs  to  the  latter  class. 


Fig.  265».— Aril  of 
Nutmeg. 
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FLOT^KLESS   PLANTS. 

There  yet  remains,  before  we  conclude  this  first  division  of  oun  subject — viz.y  the 
structure  of  plants — to  mention  a  few  special  modifications  of  those  organs  now 
described  as  they  are  found  in  the  flowerless  plants ;  and  in  doing  so  we  beg  our 
readers  to  bear  in  mind,  that  they  are  not  new  structures  but  modifications  of  those 
belonging  to  flowering  plants.  There  is,  however,  the  most  marked  line  of  demarcation 
between  flowering  and  flowerless  plants,  both  in  their  minute  composition  and  their 
external  configuration ;  and  we  might  almost  venture  to  affirm,  that  we  have  here  an 
exception  to  the  rule,  that  nature  ascends  and  descends  by  imperceptible  degrees.  There 
is,  however,  no  new  element  in  structure,  in  this  lower  division,  than  has  already  been 
described  in  reference  to  the  fiowering  plants ;  so  that  the  existing  diversity  is  due  to 
the  number  and  arrangement  of  these  elements  in  the  general  fabric. 

It  is  customary  to  consider  fiowerless  plants  as  more  lowly  organized  than  those 
which  bear  flowers,  although  it  is  through  them  that  the  vegetable  kingdom  approaches 
the  animal..  This  seems  paradoxical,  seeing  that  the  animal  kingdom  is  manifestly  of 
a  higher  grade  than  that  of  vegetables ;  and  proves  that,  from  the  highest  members  of 
the  animal  kingdom,  we  do  not  pass  through  the  lowest  to  the  highest  vegetables  (as 
would  be  the  case  were  the  views  commonly  received  properly  carried  out),  and  thence 
to  the  lowest  plant,  but  that  the  well-defined  members  of  both  kingdoms  are  wide  as 
the  poles  asunder,  whilst  the  lowest  members  are  so  intimately  associated,  that  it  is  yet 
tmdecided  whether  they  belong  to  the  animal  or  the  vegetable  kingdoms. 

There  is  reason,  however,  in  considering  the  fiowerless  plants  as  the  lowest  members 
of  the  class,  since  their  organization  is  more  simple.  Precisely  so,  also,  in  respect  of 
animals ; — and  thus  the  two  kingdoms  may  be  Ukened,  not  to  one  cone  with  an  artificial 
line  drawn  across  it  at  some  undefined  point,  but  to  two  cones  with  their  apices  con- 
nected, and  their  expanded  part,  or  base,  at  either  extremity. 

The  great  point  of  dissimilarity  is  that  connected  with  the  organs  of  reproduction ; 
and  the  question  of  sexes,  and  their  product,  has  ever  been,  as  it  now  is,  the  bone  of 
contention.  That  every  member  of  the  whole  ia  endowed  with  the  faculty  of  repro- 
duction is  perfectly  evident;  but  tkepiseiseinedA in.  which  it  operates,  and  even  the 
immediate  seat  of  its  operation,.  iaf8faxoiided..in.  juyitleiy;  This,  however,  is  only  the 
counterpart  of  the  condition  of  the  lowwt'^aniiiialg.;  aad-.theieibie  the  one  is  no  more 
matter  for  wonder  than.  ikA>otlMr.  In^hotli  k]B9ioiBa4Jia>  lowwi  examples  have  abun- 
dant power  of  reproduction ;  bat t¥ft.diflfeiyiiBtiba--uf  ''scoBH^is <iiot  evident.  When,  there- 
fore, we  affirm  that  there  ia-nsthlngriisif^in  the  cIiaBcffiihinerkss  plants,  we  mean  that 
every  part  of  the  Btructaar  hJastiti  arndDgBttciflCDtJib  U^sbr  division  of  the  vegetable 
kingdom. 

The  fiowerless  plants  aze  nimiBimtB  and  Very  vsned,!  and  comprehend  chiefly  the 
Ferns,  Club-mosses,  and  other  kinds  oi'Mosses,  Lichens,  Mushrooms,  and  Sea-weeds, 

Ferns. — ^This  extensive  class  of  plants  is  known  in  this  country  only  by  herbaceous 
varieties,  or  such  as  have  their  stem  or  root  in  the  ground,  and  present  to'view  a  series 
of  leaves  only  (Fig.  266).  But  in  hotter  climes  the  stem  is  above  ground,  and  often 
attains  the  height  of  fifty  or  sixty  feet,  and  a  diameter  larger  than  a  man's  thigh  (Fig. 
270).    The  following  are  their  chief  anatomical  peculiarities  : — 

The  leaves  are  termed  fronds,  and  they  bear  the  organs  of  fructification  in  little 
cups  or  receptacles  on  their  edges,  or  on  their  under  surface  (Fig.  267).     These  exhibit 
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little  masses  of  granules,  of  defined  forms,  termed  son',  and  consist  of  a  containing  organ 
called  sporangia^  theea,  or  eapsulesy  surrounded  by  a  ring  (^yrM*,  or   annului),   and  a 


Fig.  267. 


F^^268. 
Hr.26flu 

Fiff.  266.--A  Ffcm,  Polypodium  Vulgare,  as  it  gfffwif  in  our  climate. 
Fig.  26?.— Fructification  In  the  Polypodium. 
Fig.  268.^Sori  emitting  spores. 

number  of  contained  cells,  termed  spores  or  sponUes,  fromfwiiicb  new  plants  are  directly 
pn>duoed.  Tbua  tbe  organs  of  fructification  may  be  lilbBed-to  the  ovary  with  its  con- 
tained. 8cedS|  and  doubtless  this  is  their  true  analogy ;  biit  ta  the  naked  eye  they  have 
a  greater  semblance  to  thb  anther  with  their  contained 
cellular  specks  of  polios; :  and  this  latter  idea  is  further 
strengthened  by  the  fsoti  that  the  spores,  as  well  as  the 
pollen,  are  produced  on*  and  from  the  cells  of  leaves.  The 
sporangia  burst  with  dastniCy ;  but  this  property  is  pos- 
sessed alik^  by  botk  anther  andovajy.  There  can  be 
tt    OH^  ^^  reasonable  doubt  but  that  they  are  the  female  organs 

or  ovaries,  with  the  spores  or  seeds. 

There  is  much  difficulty  in  determining  what  are  the 

male    organs,  if   any,   existing  in  Ferns.      Some  have 

referred  them  to  the  articulated  hairs  which  are  found  sur- 

PiR.  a69>-TheiWi«tifleatiim  of  rounding  the  sporangia ;  and  others  again  have  imagined 

the.  Ophioglossum  Yolgatum,  that  the  layer  of  epidermis  which  covers  the  sporangia  in 

showing  the  transverse  sUts,  a.  ^^^^^  ^^^^  called,  indusium,  may  be  connected  witli  that 

function.     Nothing  certain,  however,  is  known. 
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There  are  no  sporangia  in  that  division  of  Ferns  known  as  the  adders*  tongues ;  but 
the  whole  leaf  is  rolled  up  on  either  side  of  the  midrib,  and  becomes  a  containing  organ* 
At  maturity  the  leaf  opens  by  transverse  valves,  and  emits  the  8i)ore8  (Fig.  268). 

The  foot-stalk  of  the  frond  is  called  the  sttpesj  and  consists  of  bundles  or  plates  of 
hard  woody  fibre  and  scalariform  vessels,  connected  together  by  cellular  tissue,  which 
pass  down  into  the  stem  within  the  bark,  and  appear  to  form  a  part  of  the  zones  of  wood. 
The  arrangement  of  the  parts  in  the  stem  of  the  Tree  Fern  is  very  peculiar ;  and 
although  it  has  no  close  resemblance  to  either  the  exogenous  or  the  endogenous  arrange- 
ment, it  seems  to  bo  more  closely  allied  to  the  latter.  Thus  the  rind  or  bark  consists 
of  one  or  two  layers  only  of  cellular  tissue,  and  is  marked  by  the  cicatrices  of  leaves  or 
fronds,  arranged  somewhat  irregularly,  and  at  considerable  distances  below,  but 
regularly  and  closely  near  the  apex  of  the  tree,  showing  that  its  leaves  are  produced  at 
the  head  only,  and  in  successive  clusters.  Again,  a  large  portion  of  the  transverse 
section  of  the  trunk  is  seen  to  consist  of  cellular  tissue ;  and  through  this  the  wood 

passes.  The  points  of  resem- 
blance to  exogens  are,  that  its 
centre  is  occupied  by  a  mass 
of  scalariform  (Fig.  71)  and 
large  spiral  vessels,  which  in 
some  degree  may  represent 
the  medullary  sheath;  and 
the  wood  is  arranged  in  cir- 
cles, but  only  near  to  the  bark, 
and  the  circles  have  a  wavy 
outline.  These  pass  up  into 
the  fronds,  or  rather  axe  sent 
down  from  the  fronds;  and 
as  the  fronds  surround  the 
stem,  the  bundles  sent  down 
from  them  lie  side  by  side, 
until  they  form  a  circle. 
There  are,  moreover,  lines  of 
communication  between  the 
medullary  cellular  tissue  and 
the  bark,  which  are  the  ana- 
logues of  the  medullary  rays. 
There  is  a  peculiarity  in 
the  growth  of  the  Tree  Fern 
— v«;.,  that  the  interval  be- 
tween the  cicatrices  enlarges 
as  the  size  of  the  tree  in- 
creases, showing  that  the 
stem  of  the  tree  increases  in  height,  not  only  at  the  apex  for  the  time  being,  but  after- 
wards in  the  body  of  the  trunk  (Fig.  270). 

As  there  is  no  definite  growing  point  in  the  sporule,  its  germination  must  differ 
widely  from  the  exogenous  and  endogenous  forms  of  plants.  The  sporule,  after  extrusion 
from  the  sporangia,  bursts  its  envelope,  and  emits  a  leafy  expansion  from  its  centre, 
which  subsequently  forms  a  bud,  and  from  thence  a  plant. 


Fig.  270.— Tree  Fern,  forty  feet  high,  growing  in  the  moist 
climates  of  small  tropical  islands. 
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THs  subject  has  been  discussed  with  much  judgmeut  hj  an  eminent  English 
botanist,  Mr.  Henfi^y,  who  has  given 
the  following  account  in  the  Gardener*  s 
Magazine  for  1851,  p.  23  : — 

"  The  germinal  frond  must  be  taken 
very  young,  while  yet  not  more  than 
one-eiglith  of  an  inch  in  diameter,  and 
before  any  sign  of  the  first  leaf  appears 


Fig.  271, 


Fig.  272. 


Fig.  273, 


Fig.  274. 


Fig.  275. 


Figs.  271,  272,  273,  274,  275.— Successive  stages  of  development  from  the  spore  (Fig.  271).     In  Fig. 
275  are  seen  two  of  the  ontheridia. 

rising  from  its  upper  surface.  The  little  frond  will  then  be  found  in  the  shape  of  a  rounded 


Fig.  278. 


rxu 


Fig.  276. 


Fig.  279. 


Fig.  276.— A  germinal  frond  (it  is  a  simple  cellular  plate  like  the  leaf  of  a  Moss) :  a  are  two  ovules ; 
h  a  number  of  antheridia ;  c  root  fibrils. 

Fig.  277.— A  more  highly  magnified  view  of  a  piece  of  the  frond  with  two  antheridia,  one  con- 
taining the  vesicles  (o),  the  other  burst  (d). 

Fig.  278.— Side  view  of  b  in  the  last  figure. 

Fiff.  279. — The  same  bursting  to  discharge  the  vesicles,  which  again  discharge  the  spiral  filaments  e. 

or  heart-shaped  disk,  formed  of  delicate  green  cells  (Fig.  276) ;  a  single  layer,  except  in 
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the  middle,  having  been  gradually  developed  into  this  form  through  the  stages 
represented  in  the  annexed  figures  (Figs.  271 — 275).  To  see  the  peculiar  organs, 
the  disk-like  cellular  plate  must  be  carefully  laid  face  downwards  upon  a  slip  of  glass,  and 
washed  clean,  gently  removing  the  grains  of  soil,  with  a  camel-hair  pencil,  £:Y>m.am(>ng 
the  rootlets.  When  placed  under  the  microscope,  a  number  of  projecting  cells  (Fig. 
276  b)  are  generally  found  scattered  about  the  frond.  These  are  seen  to  be  again  'filled 
with  minute  vesicles  (Figs.  277  and  278),  which  escape  by  the  bursting  of  tiie  protmd- 
ing  cell,  either  spontaneously  or  by  slight  pressure  on  the  glass  covering  the  object 
(Fig.  279).  As  the  vesicles  emerge  they  burst  also,  and  from  them  springs  out  a  spiral 
thread-Hke  body,  thickened  at  one  end,  and  furnished  with  cilia,  as  represented  in  the 
woodcut  (Fig.  280).     These,  the  so-called  animalcules,  swim  about  with  great  rapidity 


Fig.  280.  Fig.  281.  Fig.  282.  Fig.  283. 

Fig.  280. — One  of  the  spiral  filaments,  or  animalcules,  more  magnified. 
Fig.  281.— Side  view  of  an  ovule. 
Fig.  282.— The  summit  of  the  same,  seen  from  above. 

Fig.  283.— Side  view  of  an  ovule  from  Suminski,   representing  the  embryo-cell  at  the  bottom  of 
the  cavity. 

shooting  forward,  and  continually  whirling  round  on  their  own  axes.  To  see  them 
clearly,  their  motion  must  be  stopped  by  adding  a  little  solution  of  iodine. 

On  the  thickened  part  of  the  frond,  near  the  notch,  are  to  be  found,  in  most  cases, 
not  always,  cellular  structures  of  larger  size,  and  more  complicated  (Fig.  281).  They 
consist  of  conical  papillee,  with  cellular  walls,  containing  a  cavity  in  the  centre,  as 
represented  in  the  Figures  282  and  283. 

In  Club  Mosses  {Lycopodium),  the  containing  reproductive  organs  are  also  called  thecae, 


Fig.  2B4.  Fig.  285. 

Fig.  284.— The  Lycopodium  Aphodium,  or  Club  Moss. 

Fig.  285.— A,  full-grown  plant  of  Marsilea  pubescens;  B,  spore  (opened),  natural  size;   and    C, 
section  of  spore  magnified,  with  the  coatainod  spores.    Both  of  the  Olnaxia  giohntttwra. 


Digitized  by  ^OOQIC 


U»N  Mosass. 


143 


or  8|Kiroeai^»ia,  and,  as  a  rule,  are  filled  with  sporules  (or  pollen)  in  the  form,  of 
powder  like  granules,  when  they  are  called 
oMtheridia;  or  they  contain  several  rounded 
fleshy  hodiesLmialogQiis  to  huds,  much  larger 
than  qKxmksy  and  named  Oophoridia.  In 
Mtrailea  the  orgaaof  fructification  is  a  modi- 
fied lea^ .sad  consists  of  two  valves.  The 
finictifiestion  is  ioimediately  placed  upon  a 
nimiber  of  spikes,  covered  by  ovules  and 
snthers,  attached  at  first  to  the  modified  leaf 
by  a  mucilaginous  ring.  The  Split  Mosses 
and  the  Urn  Meases  have  organs  of  fructifi- 
catkm.  plaeed  at  the  auBBmit  of  their  branches. 
These  .^re  oaUed  jUUhtridia,  and  have  an 
elongated  flattened  form;  and,  on  being 
raptured,  emit  a  multitude  of  spiral  threads, 
vtkh  an  enlarged  extremity,  sometimes  curled,  and  at  others  straight  in  their  figure. 

These  are  said  to  be  abortive  Antheridia  by  certain  writers ;  but  there  is  no  doubt, 
from  their  configuration  and  rapid  motion,  that  they  are  true  Phytozoa,  or  (nrgans  of 
reproduction. 

This  organ  in  the  Urn  Mosses,  as  the  Funaria  hygromett-iea  (Fig.  288),  is  somewhat  more 


tm^i 


Fig.  286.— The  Antheridium  (o)  of  the  Polytri- 
ehnm  Oommone,  emitting  at  ft  a  number  of 
coiled  fibres,  c  d,  with  an' enlarged  free  end, 
ef. 


Kg.  287. 


Fig.  288, 


Fig.  287.--TheHypnum  Castrensia,  or  Feather  Moss,  with  its  organ  of  fructificatkm.  sitaste  at  the 
top  of  a  long  seta  or  stalk,  A.  o  ~, 

Rg.  288.—A.  The  nrns  (u)  of  the  Funaria  Hygrometrica,  supported  on  setas  («),  and  covered  by 
<alyptra  {e),  B.  «,  the  seta;  e,  the  calyptra;  «,  the  urn;  ando,  the  opercolmn  of  the 
-encalyptra. 

compli<sated,  and  possesses  parts  which  are  most  sensitive  to  the  presence  of  moisture ;  so 
much  so,  that  the  observer  breathing  upon  them  causes  them  at  once  to  contract.    It  is 
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known  as  the  aporangwm  or  iheea,  and  its  contents  are  called  sporuUa ;  but  besides  these, 
there  are  several  bodies  QdiUQdiprosphyaes,  enyeloped  in  a  membrane  which  subsequently 
bursts,  and  is  curved  to  form  the  eali/ptra.  The  ealyptra  is  termed  dimidiate  when  the 
sporangium  bursts  on  its  side,  and  mitriform  when  the  membrane  is  detached  at  its  base. 
The  sporangium  is  covered  by  a  lid  or  opercidum,  and  incloses  a  multitude  of  sporules 
suiTOunding  the  central  axis,  or  eolumnella,  and  oftentimes  inclosed  in  several  cells, 
with  their  septa  attached  to  the  columnella.  The  whole  rests  upon  an  elevated  staUc,  or 
seta.  It  is  lined  and  also  inclosed  by  two  membranes— the  inner  and  outer  peristomion- 
which  have  a  toothed  edge ;  and  by  closing  the  orifice,  especially  when  moistened,  as 
by  the  breath,  constitute  the  tympanum.  It  is  bounded  above  by  an  elastic  external 
ring,  or  anmtltts, ' 

Whether  any,  and  what  part  of  the  above  organs  can  be  appropriated  to  the 
sexes,  is  a  subject  of  much  dispute ;  but  it  is  highly  probable  that  the  sporules  are 
the  analogues  of  the  pollen  in  flowering  plants,  and  it  has  been  ascertained  that  they  emit 
tubes  very  similar  to  poUen  tubes. 

There  is  an  arrangement  of  the  internal  parts 
of  the  organs  of  fructification  in  the  Horse-tails 
which  greatly  resembles  that  described  in  the 
Lycopodium — rtz.,  a  spiral 
fibre  moving  with  great 
rapidity,  and  influenced,  as 
in  the  Funaria,  by  mois- 
ture. There  are  usually 
Fig.  289.— a,  four  elaters  attached  to  and  ,^^  „^  «,«««  «„«i,  fli»,«^« 
surrounding  a  spore,  &.  ^^0  0^  more    such  fibres 

having  an  enlargement  at 
their  free  ends,  and  connected  to  a  central  organ,  around  which 
they  wrap  themselves  spirally  (Fig.  289).  On  the  application  of 
moisture  they  instantly  wrap  themselves  around  the  spore,  b,  but 
on  it  its  withdrawal  they  relax  their  hold,  a.  These  structures  are 
contained  with  cases  or  sporangia,  which  are  arranged  around 
the  apex  of  the  stem  in  the  form  of  a  cone  (Fig.  290).  It  is 
probable  that  the  elaters  represent  the  male,  amd  the  spores  the 
female  parts  of  the  sexual  organs. 

In  Liverworts,  as  Marehantia  polymorpha,  the  foliaceous  organ 
is  termed  ihaUtM  or  frond  indifferently,  and  is  a  fiat  lobed  organ, 
lying  fiat  upon  the  ground.  Its  reproductive  organs  are  three  in 
number : — 1st.,  little  green  bodies,  or  buds,  placed  in  cups  (Cys- 
tulse)  on  the  upper  surface  of  the  frond,  believed  to  be  a  vivi- 
parous apparatus ;  2nd.,  sporangia,  or  female  parts,  placed  beneath 
ealyptra,  or  a  stalked  receptacle ;  and  3rd.,  oblong  bodies,  or 
antiiers,  found  in  other  sporangia  on  the  upper  surface  of  the  j^  290.— The  Eouisc- 
frond.  These  last  resemble  the  spiral  fibres  of  the  Chora  vid-  tnm.  or  Honte-tail, 
gari9  (Fig.  291).  ^^^  fructification. 

The  Scale  Mosses  {Junffermannia)  have  a  perieladium  arising  amongst  the  leaves, 
from  which  a  seta  proceeds,  and  bears  a  valvular  brown  case,  or  sporangium^  containing 
a  number  of  spiral  fibres  (Fig.  205),  which  are  highly  /lygofuetric,  and  are  intermixed 
with  sporules,  or  female  organs.  There  is  also  a  ealyptra  or  the  ruptured  membranous 
bag  {^igonium). 
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None  of  the  members  of  the  yarious  kinds  of  Mosses  now  described  haye  any  yascu- 

B  - 


Tig,  291. 


Fig.  292. 


Fig.  291. — a,  Phytozoa,  or  male  parts,  in  titu  within  the  cells;  d,  the  same,  detached  from  the  ccil- 

wall  in  the  chara. 
Fig.  292.— Marchantia  Polymorpha,  or  Liverwort,  with  its  broad  frond,  A,  and  organs  of  fructiflca. 

tion,  B. 

lar  tissue,  but  are  wholly  composed  of  cellular  tissue  of  yarious  forms. 

Xdclieiis. — ^This  important  class  of  plants  are  more  particularly  found  in  regions 
so  iai  north,  that  more  highly  and  more  delicately  formed  plants  cannot  exist;  as  in  the 
instance  of  the  Iceland  Moss  {Cetraria  Islandiea),  so  useful  to  the  reindeer  in  its  native 
regions,  and  employed  as  a  medicinal  agent  in  this  country.  It  consists  of  a  lobed  leaf, 
called /ron<^,  thdUus,  or  hlatemas,  of  yarious  forms  and  degrees  of  consistence,  and  which 


Fig.  293. 


Fig.  295. 


Fig.  296. 


Fig.  294. 

Fig.  293.— Lichen  growing  npon  a  piece  of  rotten  wood. 

Fig.  294. — ^The  fructification  of  the  Jungermannia.    A,  very  young  spore-case  still  covered  by  the 

ealyptra ;  B,  the  same,  quite  developed,  with  the  hyaUna  ripe  and  bursting,  and  presenting  to 

Tiew  the  inclosed  spores. 
Fig.  295.— Spiral  fibres  or  elaters  of  the  Jungermannia  (Scale  Moss.} 
^.  296.— Acrostalagmus  Cinnabarinus,  very  highly  magnified,  with  the  fructification  at  the  end  of 

the  filaments. 

differs  from  the  like  organ  'in  all  higher  members'of  the  yegetable  kingdom,  in  the 
fact  that  not  merely  a  part  but  the  whole  of  its  intra-cuticular  substance  is  devoted  to 


ORGANIC  NATURE.— No.  XVII. 


Digitized  by  ^OOQIC 


146 


LICHSNB  XSD  FUNGI. 


ihe fcmetioiis  of  roprednetioii.    The  upper  caticle  is  pieroed  by  two  ibnns  of  fructifying 
organs — tm.,  aoredia,  or  masses  of  powdery  bodies,  scattered  over,  the  surfiEUje;    and 


'^f:^ 


i*« 


Hg.  296.» 

9 

;   I. 

1 

£21, 

Fig.  299. 


Fig.  297. 
Fig.  296.*— Section  of  the  shield  in  a  Parmelia,  showing  the  position  of  the  spores. 
Fig.  297.— Magnified  representation  of  the  cftUolar  •tmctanetiof  Sea-weeds.    (Alga.) 
Fig.  208.— The  Fucus  Yesiculoms,  or  Bladder-WMCk. 
Fig.  299.— Promelia  Perforata :— Lichen,  with  projecting  shields. 

shi^tds  (ScuteHa,  Fig.  299,  A),'staTt>tmdcdby'aTim,  «id  ooiitaiiii»g««v»;  or  tabes  filled  , 
with  sporules. 

Fuigi,  ov'Miidtt00iiis.-~rhis  is  a  xnost^eortensiTe  family  of  plants,  «iid  aaraiiMs 
forms  infinitely -more  direrse'than  is  represented  by  the  members  to  which  the  same  is 
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populaHy  applied.  The  most  common,  and  at  the  same  time  the  least  noticeable, 
hnas  are  the-  minixte  substances  vhich  appear  in  and  upon  decomposing  fluids,  and  as 
Tegetable  parasites  upon  many  living  plants  and  animals  (Fig.  800).  All  alike,  how- 
ever, consist  exclusively  of  cellnlar  tissue,  but  differ  greatly  in  its  arrangement,  and 
especially  in  the  nature  of  their  reproductive  organs.     In  tihe  minute  bodies  just 

B 


Pig.  800.  Fig.  301. 

Kg.  SOO.—The  conformation  of  the  common  Mnshroom  {Agaricta  campestris).  A.  a,  the  pilens  ; 
4,  the  lamella,  covered  b^  the  hymesiicm ;  c,  the  stripe  ;  d,  the  mycelium.  B.  a  portion  of  the 
hymenium,  with  hasidia  in  four  different  stages  of  formation.  C.  a  perfectly  developed  si>ore 
in  one  of  the  proceeBes  of  the  upper  part  of  a  baaidium. 

Kg.  SOl.—MttCor  Macedo,  showing  theasoi.  A,  and  thersporidiee,  B. 

mentioned,  the  organ  of  fructification  is  simply  one  enlarged  cell,  containing  the 
sporules  or  spores';  but  in  the  common  Mushroom  there  are  true  sporidia  contained  in 
asci  or  sporule  cases,  and  in  a  few  there  are  moveable  spiral  fibres  or  elaters.  The 
former  division  of  fimgi  is  the  most  interesting  and  accessible  ;  so  that  we  would  urge 
our  readers,  possessed  of  some  microscopic  knowledge,  to  examine  the  various  forms  of 
mould  so  universally  distributed.  No  preparation  or  subdivision  of  the  substance  is 
necessary,  except  that  of  placing  a  very  small  portion  of  it  in  a  little  water. 

Algae,  or  Seaweeds. — This  is  the  last  one  of  the  Fungi,  the  lowest  forms  of 
vegetable  life  and  growth,  and  is  the  boundary  line  of,  or  rather  the  neutral  territory 
between,  the  animal  and  vegetable  kingdoms.  The  members  of  this  class  are  univer- 
sally distributed,  and  are  all  different,  from  the  string  of  cells  found  in  a  drop  of 
stagnant  water  to  the  beautifully  varied  and  large  sea- weeds  familiar  to  many  of 
our  readers  (Fig.  297).  It  is  a  clasSy  however,  which  is  best  represented  in  the 
southern  or  tropical  seas;  for  there,  notoniy  is  there  greater  variety  of  appearance,  but 
the  masses  in  which  they  abound  almost  8acceed^belief.  Moreover,  in  such,  as  also  in 
many  representations  on  our  own  shore/  it  seems  almost  impossible  to  deny  the  animal 
characters  with  which  many  observers  have  invested  them.  Nothing  can  so  much 
relieve  the  monotony  of  a  sea-side  residence  as  to  fix  a  microscope  on  the  sands,  and 
examine  these  beautiful  objects,  fresh  from  the  salt  water.  ►• 

As  in  other  families,  the  reproductive  parts,  for  the  most  part,  are  called  spores,  and 
are  found  in  the  ordinary  cells  of  the  plant,  as  iu  Fig.  297,  or  are  gathered  together 
into  sporangia,  or  spore-cases,  of  various  kinds.  We  cannot  enter  into  the  dispute  as 
to  the  sexuality  of  these  as  of  other  members  of  the  class  of  flowerless'^  plants,  but 
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would  remark  tliat  a  kind  of  conjugation  has  been  noticed  in  the  Confervse,  or  lowest 
members  of  tbe  class  (Fig.  302),  from  which  the  spores  are  believed  to  result.  These 
spores  are  endowed  with  the  faculty  of  motion  within  the  cell,  and  more  particularly 
soon  affcer  their  extrusion,  as  mentioned  at  page  4,  Fig.  2. 
In  closing  this  account  of  the  structure  in  flowerless 
plants,  we  would  remark  that  a  great  multitude  of  terms 
have  been  invented  to  describe  certain  minute  peculiarities 
in  reference  to  the  seeds  or  sporules,  and  the  cases  or 
ovaries  in  which  they  were  developed ;  but  as  they  would 
occupy  much  space,  and  be  tedious  to  readers  of  all  classes, 
we  omit  further  mention  of  them.  In  reference  to  the 
sexual  organs  of  the  whole  class,  it  must  still  be  admitted 
that  the  whole  question  is  attb  judiee^  and  that  we  can 
only  affirm  that,  whilst  such  plants  reproduce  themselves 
with  the  most  astonishing  rapidity  (a  rapidity  which  seems 
to  be  in  the  inverse  ratio  of  their  organization),  distinct 
sexes  either  do  not  exist,  or  are  possessed  of  forms  as  yet 
unrecognised.  Lastly,  cellular  tissue,  and  that  alone,  is 
the  form  of  organization  of  all  except  the  highest  divi- 
sions ;  but  the  cells  [are  very  varied  in  figure,  size,  and 
arrangement,  and  are  commonly  coloured  green  or  red,  as 
in  the  Confervas  and  Sea- weeds;  or  are  resplcndently 
coloured,  as  in  many  Fungi.  They  are  not  the  less  beau- 
tiful and  interesting  because  their  structure  has  a  simple 
basis ;  but,  on  the  contrary,  evidence,  in  a  remarkable  degree,  the  power  and  wisdom  of 
the  Creator  in  the  infinitely  varied  and  beautiful  arrangements  of  so  simple  an  object, 


Fig:.  302.— Confervas,  with 
spores  lying  within  cells, 
which  have  undergone  the 
process  of  conjugation,|at  1 . 
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SYSTEMATIC  BOTANY,  OR  THE  CLASSIFICATION  OF  PLANTS. 

Havino,  in  the  preceding  pages,  described  all  the  parts  and  organs  which  enter  into 
the  composition  of  individual  plants,  we  are  prepared  to  take  a  wider  yiew,  and  deter- 
mine the  mode  by  which  masses  of  plants  may  be  grouped  together*  This  is  termed 
Classification. 

This  department  of  botanical  science  is  vastly  more  extensive  than  that  which 
treats  of  the  structure  of  plants ;  so  that  it  is  not  possible,  in  a  treatise  like  the  present, 
to  consider  the  subject  in  any  lengthened  detail.  TVe  therefore  purpose,  after  offering 
some  introductory  remarks,  to  consider  the  Linnsean  and  the  natural  systems  of  classifi- 
cation, and  to  name  the  most  common  or  important  plants  which  have  been  arranged 
under  each  head. 

The  necessity  for  a  classification  of  plants  must  have  been  felt  at  all  periods,  even 
in  the  Grrecian  and  Roman  eras,  when  the  total  number  of  known  species  did  not  exceed 
1,000 ;  but  since,  at  the  present  day,  upwards  of  100,000  species  have  been  named  and 
described,  the  necessity  has  become  absolute.  The  only  question  on  which  botanists 
We  been  at  issue  refers  to  the  principles  on  which  that  classification  should  be 
founded.  In  the  first  place  it  is  imperative  that  each  plant  should  have  a  distinctive 
appellation,  or  any  description  of  it  would  be  in  vain.  Then,  again,  since  100,000 
distinct  names,  assuming  for  a  moment  that  so  many  could  have  been  invented,  could 
not  have  been  borne  in  mind  by  any  person,  the  next  step  in  the  process  would  be  to 
ascertain  if  any  of  this  number  could  be  grouped  toge^er  imder  one  name,  but  yet 
having  a  special  term  to  indicate  its  individuality. 

The  success  of  this  inquiry  would,  of  course,  depend  upon  the  existence  or  other- 
wise of  any  anatomical  characters  which  would  at  a  glance  be  found  common  to  both. 
Such  resemblances  were  soon  discovered ;  and  the  term  Hosey  for  instance,  was  found  to 
suffice  for  very  many  species,  with  the  addition  of  white,  red,  &c.,  to  mark  their  indi- 
viduality. Thus  the  term  Hose  denoted  a  genus^  and  white  the  species  ;  and  in  this  mode 
the  number  was  reduced  within  reasonable  proportions. 

But  this  first  was  not  the  last  step,  for  it  was  ascertained  that  on  some  one  point,  or 
on  many  points,  the  genera  resembled  each  other;  and  thus  the  term  Icosandria,  for 
example,  was  devised,  which  should  comprehend  the  Rose,  and  the  Apple,  and  the 
Strawbory,  and  others  having  these  characters  in  common.  This  then  gave  rise  to  a 
system  of  classes  and  orders,  the  term  Icosandria  representing  one  of  the  classes.  The 
orders  were  subdivisions  of  the  classes,  and  referred  to  certain  minutise  in  which  all  the 
members  of  the  orders  did  not  agree.  Thus  the  nameless  plant  became  at  length  the 
Roia  Alba^  of  the  class  Icosandria,  and  order  Poli/gamia. 

This  is  precisely  the  plan  adopted  in  the  classification  of  animals.  Thus  the  Cow  is 
the  Bos  taurus  of  the  class  Mammalia  and  order  Ruminantia.  It  is  not,  however,  a 
perfect  plan;  and  as  the  number  of  objects  to  be  included  have  continually  increased, 
it  has  been  found  necessary  to  invent  a  more  general  term — as  that  of  family — ^which 
8^  comprehend  a  number  of  classes.  Reversing,  then,  the  order  of  classification  which 
has  already  been  given,  we  may  first  refer  a  plant  to  a  family ;  next  to  a  class  and 
order;  and  then  find  its  getieric  and  spedjic  names. 

The  term  variety  has  also  been  introduced  to  indicate  the  existence  of  some  trifling 
change  in  a  species ;  and  although  the  boundary  between  a  species  and  a  variety  is  not 
capable  of  nice  definition,  yet  it  may  be  stated  that  a  variety  does  not  so  reproduce 
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!  itself  by  seed  as  that  its  own  form  shall  result,  but  so  that  a  return  to  its  original 
'•  species  shall  inevitably  follow.     There  are  also  Hybrids  in  plants  aa  in  animals,  and 
resulting  from  the  operation  of  the  same  law — riJr.,  the  admixture  of  the  sexes,  not  of  the 
same,  but  of  different  species  of  one  genus. 

The  first  point  will  probably  depend  upon  one  or  two  features  only ;  but  the  last 
will  require  a  knowledge  of  every  part  of  the  plant.  Thus,  whilst  the  multitude  of 
names  which  have  no  necessary  significance  tends  to  confuse  and  weary  the.  mind,  the 
various  steps  of  that  classification  render  the  task  the  lighter,  and  indeed  infuse  a  deep 
interest  into  the  study.  It  is  a  mark  of  unbounded  knowledge,  on  the  part  of  the 
Creator,  to  have  made  so  great  a  multitude  of  varied  objects ;  but  it  is  not  the  less  so 
that  He  has  made  many  of  them  on  a  common  plan,  and  has  given  to  us  the  capability 
of  unfolding  His  designs.  It  is  no  mark  of  our  mental  capability  to  have  found  or  seen 
a  plant ;  but  it  is  not  a  little  flattering,  to  us  to  have  discovered  or  perceived  the  principle 
on  which  the  plant  was  constructed ;  and  this  is  the  central  point  of  interest  to  the 
philosopher. 

But  the  school-boy  is  notwithout  his  gratification.  To  point  out  the  fl6wer,  the 
name  of  which  we  know,  and  to  gather  that  to-day  which  long  ago  we  first  discovered,  and 
discovered  in  the  company  of  someone  whose  society  we  cherished,  may  yield  pleasure  to 
any  one.  Thus  we  would  offer  encouragement  to  the  young  botanist,  by  the  assurance 
that  the  road  is  not  so  hilly  as  it  appears  to  be,  and  that  it  is  rendered  shorter  by  the 
snatches  of  pleasure  which  fall  to  the  lot  of  the  anxious  traveUfer. 

There  have  been,  and  still  are,  various  modes  joi  classification ;  and  since  all  depend 
upon  the  selection  of  certain  parts  of  plants  aa  their  basis,  it  cannot  snrprisc  us  that 
they  should  be  held  in  various  degrees  of  estimation. 

A  prime  consideration,  in  the  selection  of  distinguishing  characters,  is,  tJi'at  those 
characters  shall  be  constant,  and  not  greatly  influenced  by  accidental  circumstances. 
Such  a  condition,  if  it  exist  at  all,  can  only  belong  to  those  parts  which  are  essential  to 
plants.  These  essential  parts  are  connected  with  the  function  of  reproduction,  and  have 
been  referred  to  in  every  system  of  classification ;  but  as  nature  does  not  slavishly  follow 
the  path  which  she  herself  has  marked  out,  we  meet  with  occasional  variety  even  here. 
The  flower  would  naturally  attract  attention  ;  and  in  the  earlier  attempts  at  classifica- 
tion, its  permanent  parts,  the  stamen  and  pistils,  were  exclusively  selected.  This  was 
called  the  sexual  system  ;  and  was  first  pointed  out  by  our  renowned  countryman,  Grew, 
in  the  seventeeth  century,  and  a  century  later  was  perfected  by  LinnsBus. 

This  one  prime  principle  of  constancy,  then,  was  that  upon  which  the  Linnsean 
system  was  founded,  and  to  which  it  still  owes  its  continued  existence.  T^e  system  is, 
moreover,  very  simple  in  its  arrangement,  and  therefore  has  been  at  aH  times  in  favour 
with  beginners,  and  with  all  those  who  have  not  cared  to  drink  deeply  of  the  Kenan 
spring ;  and,  in  spite  of  its  insufficiency,  it  will  doubtless  be  handed  down  to  succeeding 
generations. 

A  perfect  classification,  however,  demands  more  than  mere  constancy;  and  it  is  in 
these  further  requirements  that  the  Linmsan  system  has  been  found  wanting.  It  is 
necessary  that  no  violence  be  offered  to  that  uniformity  of  organization  which  is  well 
known  to  exist  in  the  vegetable  kingdom,  so  that  plants  evidently  widely  dissimilar 
shall  not  be  grouped  together.  Again,,  since  all  plants  have  qualities  which  are  bene- 
ficial or  prejudicial  to  the  health  of  "man  or  animals,  and  since  these  qualities  are  known 
to  be  associated  with  certain  similarities-  of  organization,  it  is  demanded  that  plants  of 
greatly  dissimilar  properties  shaU  not  be  classified  together,    ^ese  two  last  reqniie- 
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ments  clearly  call  for  a  more  extensive  knowledge  of  the  anatomy  of  plants  than  that 
upon  which  the  sexual  system  was  founded,  and.  should  more  neady  approach  to  a 
Batural  association  of  these  products  of  creation.  Systems  have  heen  founded  which 
are  intended  to  answer  to  all  the  three  aboye-mentioned  requirements,  and  haye  been 
termed  natural  system,  in  opposition  to  that  of  Linnseus,  which,  from  its  nairow  basis^ 
▼as  known  as  the  artificial  system.  It  is  eyident,  howeycr,  that  the  natural  systran« 
are  the  more  desirable,  and  they  are  rapidly  superseding  the  Linn»an  arrangement ;  but 
as  we  are  addressing  ourselves  to  an  extended  circle  of  readers,  we  deem  it  a  duty,  first,  to 
make  them  acquainted  with  the  latter,  and  then  to  give  them  an  insight  inte  tbe  fnrner. 

LiNitasAN  System. 
The  T«inTif»an.  system  is  based  upon  the  existence  of  sexual  organs,  and  is  yajded 
acc(»rding  to  the  number  and  position  of  each  division  of  these  orgaaa^    In  ooBsists  of 
dasaes  and    orders;  the  former  associated  chiefly  with  the  stamens,  and  ihe->lfttter 
with  the  pistils. 

There  are  24  classes,  of  which  2S  bdong  to  flowerix\g  and  one  to  flbweiJBss  plants. 
A  reference  to.  the  annexed  plan  will'  show  that  the  first  eleven:  elasse^  am  namedL 
according  to  the  number  of  the  .atoinenfr?^Hrtg.,  from  1  to  12  stamiBBs;  the  lastyhoweyer, 
admittingalso  of  more  than  12  stamens.  The  12th  and  13th  classes  have  anindefinite 
immber  of  stamens ;  but- in  the  forsiav  (Icosandria)  they  are  aU  attached  to  the  calyx, 
whilst  in  the  latter  they  remam^ee  ftom  their  origin  in  the  receptacle.  This  differs  oe 
appeen  to  be  a  trifth>g  one,  but  it  is  coiBtant,  and  in  practice,  moreover,  is  well  defined. 
The  14th  and  15th  clasaea  depend  upon  the  number  and  relative  length  of  the  stamens^ 
there  being  two  long  and  two  short  stamens  in  the  former,  JDidynamia,  and  four  long 
and  two  short  ones  in  the  latter,  Tetradynamia.  In  the  16th,  l7th,  and  18th  classes,  the 
stamens  are  associated' into  bundles;  one  bunc^e  mMtrwdt^pbia,  two  in  Diadel^dOy  and 
tliree  or  more  in  Folydelphia.  In  the  I9th  class  1^  stamens  are  also  united  into  one 
bmidle,  Syngemsia;  hut  they  thus  form  a  tube  through  which  the  pistil  passes.  The 
class  termed  Gynandria,  indicates  that  the  stamen  and  pistils  are  united  together. 
The  21st,  22df.  and  23d  classes,  comprehend  plants  in  which  the  male  and  female  parts 
arenot  met:  with  together  in  the  same  flower.  Thus  in  Moncseia  separate  male  and 
female  flowers  are  found  on  the  same  plant,  whilst  in  Diacia  one  plant  is  entirely  male 
and  another  exclusively  female ;  and  in  Polygamia  both  bi-sexual  and  imi-sexual  flowers 
grow  on. the. same  tree.  The  24th  and  last  class  embraces  an  heterogeneous  assemblage 
of  low  orgaxdzed  plants,  having  this  one  property  in  common,  that  their  sexual  organs 
are  concealed,  whence  the  term  Cryptogamia. 

The  fOsegoing  2.4  classes  are  divided  into  numerous  orders.  The  orders  of  the  first 
13  classes  axe  based  upon  the  number  of  the  pistils,  which  vary  from  one,  Monoyynia, 
to  twdve,  JOodecagyniaj  and  more  than  twelve,  Polygynia  ;  whilst  the  16th,  17th,  18th, 
20th,  2lBt,  and  22d  classes  are  subdivided  into  orders  according  to  the.  number  of  their 
stamens.  The  nature  of  the  ovary  determines  the  orders  in.  the  14th  and  15th  classes. 
The  23d  dass,  or  that  termed  Pdlyyamiay  has  but  one  order,  and  that  depends  upon  the 
feet  that  QCfftoin  of;  tbe  fiowers  on  the  same  plant  are  bi-sexual,  whilst  others  are  uni- 
sexual. The  19th  class,  or  Syngenesia,  has  ordMS  depending  upon  the  forms  and 
fertility  of  the  -florets ;  and  the  last  one,  Cryptogamia^  is  subdivided  according  to  the 
families  of  which  it  is  composed. 

The  ftilowiing  tahtoe-  contain  a  oompLMe  anoHnajry-  of  the  Linnsean  phm  o^  chiasi- 
flcaii(>ni    The  reate*  wdli'undevstaiKlr  tittfe  the-  table  reada  acsoia^the  two  pagea* 
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COMPLETE  SCHEME  OF  THE  LINNiEAN  CLASSIFICATION. 


10. 
11. 
12. 
18. 

14. 

15. 
16. 

17. 
18. 
19. 
20. 

21. 


MAXXS. 

Mon..a]idria  {fiovor,  one ;  av6pot,  male)     . 

Di>andria  (dir,  two) 

Tri-andria  

Tetr..acdria 

Pent-andria 

Hex-andria 

Hept-andria 

Oct-andria 

Enne-andria 

De-candria 

Dode-candi'ia 

Icos-andria 

Poly-andria  (ir«Xiw»  many) 

Didy-namia        .        .       •       •       .       . 

Tetra-dynamia     ;        .       .       •  ^   •,      • 
Mono-delphia  {jxovosf  one ;  deX^oc,  brother- 
hood)     

Dia^elphia  (dtp,  two) 

Poly-delphia . 

S]m-genesia  (ovv,  together ;  ycvco-it,  birth) 

Gy-nandria*(7vvni  woman) 

Mon-oecia  (oiKor,  house)      .... 


22.  Di-oecia 

23.  Poly-gamia  {-fafxav,  marriage)    . 

24.  Cryptogamia  (kpwittw,  to  conceal) 


DESCRIPTIOKS. 

1  stamen. 

2  Stamens. 

3  do. 

4  do. 

5  do. 

6  do. 

7  do. 

8  do. 

9  do. 
10  do. 

12  or  more  Stamens 
20  do.  attached  to  Calyx   . 

20  do.  do.         Beceptacle 

4  do.  2  long,  2  short        • 

6  do.  4    do.  2   do. 

Filaments  united  into  1  set       •  , 

do.  do.       2  sets 

do.  do.       3  or  more  sets 

Anthers  united 

Stamens  attached  to  the  Pistil  .... 
Flowers  with  Males  only ;  others.with  Females 

only  on  the  same  tree 
Flowers  with  Males  only ;  others  with  Females 

on  different  trees 
Unisexual  and  bisexual  flowers  on  same  and  on 

different  trees  . 
The  flowers  not  evident 


The  simplicity  of  the  system  will  be  better  observed  on  reference  to  the  following 
plan,  adopted  from  the  "  JEneyclopedie  des  Connaissaneea  utiles :" — 

TABULAE,  VIEW  OP  THE   CLASSES   OF  THE  LIKNJEAN  SEXUAL  SYSTEIC. 

Classes, 

1.  Monandria» 

2.  Diandria. 

3.  Triandria. 

4.  TetrandrJa. 

5.  Pentandria. 

6.  Hexandria. 

7.  Heptandria, 

8.  Oetandria. 

9.  £nneandria« 

10.  Decandria. 

11.  Dodecandria. 


Free. 


Number  of  stamens. 


United. 


Stamens  placed  upon  the  pistils. 
Flowers  of  one  sex  only, 
Sexual  organs  hidden. 


Number  andinsertion. 
Proportionate  size. 

By  their  filaments. 
By  their  anthers. 


/12.  Icosandria. 
113.  : 


Polyandria. 


j  14.  Didynamia. 
115.  ^        ■ 


(16.  Moi 
17.  Dia 
18.  Pol] 


.  Tetradynamia. 
.  Monadelphia. 
.  Diadelphia. 
Polyadelphift. 

19.  Syngenesia. 

20.  Gynandria. 

!21.  MonuBeia. 
22.  DicBcia. 
23.  Polygamia. 
24.  Cryptogamia. 


As  we  propose  to  give,  in  very  brief  detail,  both  the  LimuBan  and  the  Katoral 
systems,  and  shall  therefore  have  to  travel  twice  over  the  same  ground,  it  will  be  more 
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COMPLETE  SCHEME  OF  THE  LINNuEAN  CLASSIFICATION. 


ORDBB8. 


If  AMIS. 

Hcmogynia  Digynia  {ymti,  a  woman) 

Do.  do.      Trignia     .... 

Do.  do.  do 

Do.  do.      Tetragynia 

Mono,  Di,  Tri,  Tetra,  Penta,  and  PoIyg]mia 


Do.     do.  do. 

Do.     do.  do. 

do.  do. 
do. 

Do.     do.  do. 

Do.     do.  do. 
Do.     do. 

Do.     do.  do. 


Do. 
Do. 


do. 
do. 


do. 
do. 


do. 
do. 
do. 
do. 


do. 
Heptagynia 

Hexagynia 


do. 


Decagynia 
Dodecagynia 
Polygynia 
do. 


Gymnospermia  {yvfxvovj  naked ;  irn-ep/xa,  seed) 
Angioepermia  (a-rro^t  a  Teasel) 
Siliciilosa,  small  pod ;  Siliquosa,  large  pod. 

Triandria,  Pent.,  Hex.,  Hept,  Oct.,  Dec.,  Dodcc,  and  Polyandria. 

Do.      do.  do.     do. 

Do.  do. 

Polygamia  SBqualis,  Superfloa,  Necessaria,  Segregata. 
Monandria,  Diandria,  Hexandrla. 
Monandria,  Di.,  Tri.,  Tetra.,  Pent,  Hex.,  Oct,  loos..  Poly.,  and 

Monodelphia. 
Monandria,  Tri,  Tetra,  Pent.,  Hex.,  Oct.,  Enne.,  Dec.,  Dodec, 
Icos.,  Poly.,  Monodelphia. 

Moxioecia,  Diceeia. 

Filicels,  Lycopods,  Moscals,  Lielienals,  Fongals,  Algals. 


DB8CRIFTI0MB* 

1  and  2  PisUU. 
1,  2,  8      do. 

1,  2,  4      do. 

1,  2,  3,  4,  5,  and  many  Pistils. 
1,  2,  3  do. 

1,  2,  4,  and  7  do. 

1,  2,  3,  4  do. 

1,  S,  6,  do. 

1,  2,  3,  5,  and  10  do. 
1,2,  3,  4,  5, 6,  and  12  do. 
1,  2,  5  do. 

1,  2,  3,  4,  5  do. 

Naked  seeds. 
Seeds  inclosed  in  avessd. 


conyenient  to  our  readers,  if  we  illustrate  the  LinTiflRRn  system  from,  the  English  flora 
exdnsLYely,  and  the  Natural  system  from  the  foreign  plants. 


Class  I. — ^Monandiua. 
This  is  distinguished  hy  haying  but  one  stamen,  and  is  subdiyided  into  two  orders, 
Monogynia  (one  pistil),  and  Bigynia  (two  pistils).     It  contains  but  few 
English  plants — viz.,  flye  genera  and  fourteen  species — and 
these  remarkable  neither  for  beauty  nor  utility.     Four 
genera — viz.,  Salicomia,  Hippuris  or  Maro's-tail  (growing 
in   ditches),   Zostera,  and    Chara,  commonly  known  as 
Stonewort  or  "Water  Horse-tail — haye  but  one  pistil  > 
whilst  the  Callitriche,  or  Starwort,  is  the  only  genus 
haying  two  pistils.    The  Chara  o£fers  the  most  numerous 
_-     j^g        species  (six),  and  is,  perhaps,  the  least  uninteresting  of  all 
Monandria     the  genera.     It  is  found  in  ditches  both  of  fresh  and 
Monogynia.     ^^^  water.     The  organization  of  members  of  this  class  is 
of  a  low  grade. 

Class  II. — DL&jn>mA. 
This  dass  has  two  stamens  and  two  orders — viz.y  Monogynia  and  Digynia,  It  con- 
tains seyeral  plants  of  interest  in  the  cleyen  genera,  and  thirty-nine  species  of  which 
it  is  composed.  Under  the  order  Monogynia  we  find  the  well-known  Priyet  (Ligus- 
tram)  ;  the  Fraxinus,  or  common  Ashtree ;  the  prolific,  and  almost  ubiquitous  weed 
Yeronica,  with  its  nineteen  species ;  the  Pinguicula,  found  in  bogs ;  Utricularia ; 


Fig.  804. 

Monandria 

Digynia. 
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Lycopus,  or  Cat-mint ;  Salvia,  or  Sage;  Circaea,  or  the  Enchanter's  Night-shade,  found 

in  country  parks  and  under  field-hedges;  the  Lemna 

or  Duckweed,  covering  every  stagnant  pool;'  and  the 

Gladium.    The  first  eight  genera  have  inferior  mono- 

petalous  flowers,  whilst  the  Circsea  has  a  superior  flower, 

and  the  two  last  are  destitute  of  flowers. 

The  most  agreeaUe  member  of  this  class  is  the  An 
ihoranihum  odoratum,  a.  sweet  scented  meadow-grass, 
which  possesses  two  pistils;    and,   as  it  has  but  two 
stamens,  is  cut  off  from  the  great  family  of  graoBes,  to 
which  it  clearly  belongs. 


Fig.  30Jr. 
Dtendria  Diaadria 

Digynia.  Monogynia. 


Class  III. — ^Teiandria. 
This  is  a  most  extenatTe  and  invaluable  class  of  plants,  comprising  all  our  BiitSih 
grasses  except  one,  including  the  various  cereals,  as  wheat  and'  oats,  so  necessary  to 
man.  The  members  of  this  class  are  the  means  of  sustaining  the  life  of  manj  and  of 
almost  all  animals,  and  are  the  most  widely  distributed,  and  the  most  abundant  of  all 
plants. 

There  are  forty-eight  genera,  and  one  hundx^  and  sixt^-five  speoioe,  anftoged  in 
three  orders,  Monogyniaj  Digynia,  and  Trigynia, 

The  order  Monogynia  contains  twelve  genera,  of  which 
five  have  superior  flowers,  and  contain  medicinal  or  poison- 
ous plants,  as  the  Valeriana,  Crocus,  and.  Ixis.  Slix  othen^ 
hare  superior  flowers^and.  comprehend  many  of  the  nomT 
mon  rushes ;  and  one  is  a  true  grass,  the  Nardus  stricta. 
The  order  Digynia  is  remarkable  for  its  natural  assemblage 
of  gfrasses ;  twenty-eight  of  which  have  chaffy  flowers  in 
panicles,  arranged  in  bracts  containing  one,  two,  or  three 
flowers.  Five  others  —  amongst  which  are  the  Wheat, 
(Trideum),  and  Barley  (Bbr^^ww)  — have  a  spiked  inflores- 
cence. Of  all  these  genera,  only  one  is  known  to  possess 
poisonous  properties  —  viz.j  the  Lolium  temulentum,  or 
Bearded  Darnel.  The  Featuca  ovina  and  Duriuscula  are 
the  most  common  grasses. 

This  is  a  class  of  plants  offering  great  difficulty 
to  the  young  botanist,  on  account  of  the  apparent 
resemblance  of  many  genera,  and  the  abaenee  of 
the  calyx  and  corolla  of  other  plants.  But- this 
difficulty  is  not  unconquerable ;  and  when  it  has 
been  surmounted  the  pleasure  attending  the 
acquired  knowledge  is  very  great.  The  characters 
of  this  inflorescence  have  been  discussed  at  pages 
108  and  109. 

The  third  ordfcr,  THgyma^  has  nothing  in  com- 
mon with  the  last  order  imless  w«  except  the 
^^^f'  ^W*  number  of  stamens,  and  this  tends-  to^  show  the 

XdaAdria   rygy^ia.  ^^^^  ^^^^  ^  ^^  LimMBan  qTstom-     It  contains 

but  tiiree  genera — ^Montia,  Pblycairpon,  and  Holosteum. 


TriMidria 
Digynia. 


Pig.  306. 

Triandria 
HoDAgynia. 
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Class  IY. — Tetrandbia. 
Tte  floweia  in  tins  class,  haye  four  stamens,  and  one,  two,  or  four  pistil*— ifiww- 
g^m^i  D^ynia,  and  Teirmgtfma,    It  is  not  an  extensiTe  class,  having  only  tweotyrtwo 
geaera  and  sixty-fiye  species ;  and  of  these  the  large  majority  are  ralueless  weeds. 

Tha  order  MonoppUa  is 
tiio  largest,  and  contains 
fifteen  genera,  four  of  whloh 
hajre  no  petak — visL^  Al- 
chemilla,  or  Lady's-mantle ; 
Sanguisorha,  Isnarda,  and 
Parietaria;  whilst  nine  are 
monopetaloiis,  and  two  are 
polyp  3talous,  with  fo\ir 
petals.  There  are  seYCtL. 
genera,  possessing  four  pis- 
tils, and  amaa^  them  the  HoUy,  Hex,  Lime-tree,  TiUa,  and  Pond.''**'»»**^^*>~*W'^ 
weedPotamagetoa.  A  few  plants  are  supposed  to  possess  medioinal  properties,  as  the 
Eubia,  or  Madd^ ;  Galium,  or  Bed-straw  ;'and  Sanguisorha  officinalis,  or  Great  Burnet. 
The  Bipsacus  Fullonum,.or  Fuller's  teazel,  the  hairs  of  which  (Fig.  113)  are  so  useful 
to  clothworkers,  helongs  to  this  class.  Seyeral  other  mcmhers  possess  a  certain 
degree  of  beauty — as  the  Scahiosa  and  the  Ilex,  which  is  the  cheering  emblem  in  our 
Christmas. festiyities.  The  most  numerous  plants,  imder  this  head,  are  the  Plantago, 
or  Plantain,  with  its  s^e  of  sessile  flowers,  the  Alchemilla,  and  the  Potamogeton. 

Class  V. — Pbntandria. 

This  is  a  most  important,  numerous,  and  varied  class  of  planets,  and'  has  ninety-four 
genera  and  two  hundred  and  ten  species.  The  plants  have  fiye  stamens^  and'  one,  two, 
tliree,  four,  fiye,  six,  or  an  indefinite  number  of  pistils  (Polygynia).  It  is  not  possible 
to  give  any  one  expression  which  shall  represent  this  class  as  a  whole ;  but  there  are 
many  of  its  members  which  may  be  arranged  together  both  in  structure  and  properties ; 
so  that  the  class  is  a  compound  of  several  bodies  or  classes  of  plants. 

The  order  Monogynia  is  very  extensive,  comprehending  no  fewer  than  forty  genera. 
Thirty-one  of  these  have  monopetalous  corollas ;  six  are  polypetalous  of  five  petals,  and 
three  are  apetalous.  Ten  genera  are  closely  associated  together,  as 
shown  by  having  inferior  monopetalous  flowers  with  two  or 
four  naked  (so-called)  seeds,  and  a  covering  of  rough  hairs  over 
the  plant.  Such  are  Symphytum  or  Comfrey,  Echium,  Borago, 
Aoeikusa^  oziHtl^anet-root,  Gynog^ossum,  and  the  sentimen^tal  Myo- 
aotia  or-Fom^t^Tmstaiiot.  Tlus  is  a  compact  and  well-defined  body 
of  i^ants:  Fifteen  other  genera  are  distinguished  J&om.  the  above, 
by  haaring;  the  seeds  more  manifestly  inclosed  in  a  seed  vessel ;  penundril' Monogynia. 
afltdiamongst  these-  are  the  heautiful  Primula  or  Primrose,  and 
Oowstip^  Meixyanthes  or  Bog-bean,.  AnagaUis^  Convolvulus^  Polemonium. or  Jacob's- 
ladder,  Yinca  orrPeriwinklcy  ajodTerbascuia ;  as;  also  the  poisonous  Atropa,.  BeUadonna. 
or  Deadly  Night^shadey  the  Hyo9oya9Mii»  and  the  •  Solanumi  Tuberosum,  with  its  poi- 
^omw  bsrriea  and  edile  subterraB/san  atem^  .known  as  the  Potato. 

The:  six  genesa,  withriiui^eriMr:  SMttopetaJdusf  fiower8^«are  of  mazed  oharacten,  and 
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three  of  them  are  well  known— wi.,  the  Lonicera  or  Honeysuckle,  Campanula  or  Bell- 
flower,  and  Lobelia. 

Of  the  six  genera  with  polypetalous  flowers,  four  have  them  inferior,  as  the  Viola 
or  Violet,  and  Ehamnus  or  Buckthorn  ;  whilst  two  are  superior — viz.,  the  delicious 
Ribes  or  Currants  and  Gooseberries,  and  the  Hedera  Helix  or  common  Ivy. 

The  order  Digynxa  is  also  yery  extensive  and  important,  since  there  are  thirty- 
six  genera  belonging  to  it,  many  of  which  possess  valuable  medicinal  properties.  Two 
of  these  are  monopetalous— rw.,  the  Gentiana  and  the  Cuscuta ;  and  four  apetalous, 
the  Beta  maritima,  Chenopodium,  Salsola,  Ulmus  or  Elm-tree,  and  Hemiaria.    The 


Fig  311. 
Pentandria  Digynia. 


Fig.  312. 
Pentandria  Trygynia. 


Fig.  313. 
The  Drosera,  or  Sundew. 


greater  number  are,  however,  distinguished  by  the  umbelliferous  mode  of  inflorescence, 
and  constitute  a  naturally  associated  division.  All  have  five  superior  petals  and  two 
seeds,  but  differ  amongst  [themselves  as  to  tlie  presence  and  arrangement  of  bracts. 
Amongst  this  numerous  and  highly-important  class  of  plants  we  may  mention  the  Carum 
carui  or  Caraway  seed,  Meum  Fseniculum  or  Fennel — ^with  its  aromatic  oil  contained 
in  the  vittse  of  llie  seeds,  the  Daucus  Carota  or  Carrot,  Heracleimi  or  Cow-parsnep, 
Pastinaca  Sativa  or  common  Parsnep,  Bunium  Flexiosum  or  Earth-nut,  sought  after 
by  boys  and  animals,  and  the  Apium  graveolens  or  Wild-celery;  the  stately 
Angelica,  the  poisonous  Conium  Maculatnm  or  Hemlock,  Cicuta  Virosa  or  Water 
Hemlock,  Sium  or  Water  Parsnep,  the  bitter  Gentiana,  and  the  Hydrocotyle  with 
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its  peltate  leaf.  The  various  genera  [of  Parsley  and  Parsnep  exceed  any  other  in 
number ;  and  nearly  the  whole  of  this  large  sabdiyision  may  be  naturally  arranged 
together. 

In  the  order  Trigynia  are  two  genera  with  superior  flowers,  which  are  well  known : 
the  Sambucus  Niger,  or  Elder,  with  the  inflorescence  called  a  cyme,  and  the  elegant 
Viburnum  or^Lilae ;  and  also  three  others  of  less  notoriety,  which  haye  inferior  flowers. 
The  orders  Tetragynxa  and  Hexagynia  have  each  one  genus  known  well  to  botanists, 
and  growing  on  boggy  ground — viz.,   Pamassia  in 
the  former,   and  Drosera  or  Sundew  in  the  latter. 
The    Drosera   is    remarkable    as    being   the    only 
English  plant  which    exhibits    sensibility  to  touch 
in  a  markdd    degree.      It   possesses  a  number    of 
remarkable  glands  upon  the    surface  of  its  leaves 
Pentandria  Pentandria  (page   70),  which  emit  a  tenaceous  fluid  by  which 

Pentagynia.  Tetragynia.         flieg  are  caught,  and  which  are  subsequently  appro- 

priated as  food  for  the  plant. 

The  order  Fentagynia  possesses  three  genera,  two  of  which  are  of  interest— t;w.,  the 
Statiee  or  Thrift,  with  its  cheerful  head  of  flowers,  and  the  Linum  or  Flax  plant. 

The  last  order,  Polygynta,  includes  but  one  genus,  and  that  of  but  little  value— the 
Myosurus  or  Mouse-tail. 

Our  readers  will  now  perceive  how  remarkable  is  the  combination  of  plants  brought 
together  by  this  class  of  the  linnsean  arrangement,  and  how  unfitting  it  is  that  so 
many  varied  alliances  should  be  enrolled  under  one  head.  It  is  also  well  to  remember 
tkt  three  well  defined  natural  classes  may  be  formed  out  of  many  of  its  members, — ^the 
one  with  the  umbelliferous  inflorescence  (UmbeUifenB),  another  with  a  rough  hairy 
cuticle  {Boraginaceee),  and  a  third  with  highly  poisonous  properties  and  sombre 
aspect  {Solanacea).  It  is  a  class  remarkable  both  for  the  beauty  and  utility  of  its 
members — a  utility  embracing  both  medicinal  and  dietetic  qualities. 

Class  VI.— Hexaxdhia.. 

This  class  is  characterized  by  having  six  stamens,  and  is  divided  into  four  orders — 
riz.,  Monogynia,  Digynia,  Irigynia,  and  Polygynia ;  and  contains  twenty-six  genera 
and  eighty-five  species. 

It  is  remarkable  'as  a  class  of  flowering  plants  for  the  endogenous  structure  of  its 
members,  as  evinced  by  the  straight  veins  of  its  leaves,  and  possesses  many  plants  of 
great  beauty  and  a  few  of  considerable  utility. 

The  order  Monogynia  comprehends  nineteen  genera,  or  two  thirds  of  the  whole 
class ;  and,  with  the  exception  of  the  Berberis  or  Berbery,  with  its  compound  leaves 
(page  101),  sensitive  stamens  and  fruit  capable  of  being  used  as  an  excellent  pickle  ; 
the  Peplis  and  the  Frankenia,  and  a  few  others,  have  a  perianth  (Fig.  201),  as  a 
coTering  of  the  flower,  and  a  bulb  for  their  underground  stem.  As  examples  of  the 
class,  we  may  mention  the  Galanthus  nivalis  or  Snowdrop,  or  Narcissus  Omithogalum 
or  Star  of  Bethlehem,  Hyacinthus,  Scilla  or  Squill,  and  Tulipa,  all  of  which  contain 
starch  in  their  bulbs,  and  have  beautiful  flowers.  The  Convallaria  or  Solomon's  Seal 
is  an  elegant  member  of  this  class.  The  Asparagus  officinalis,  and  Alliinn  or 
Garlick,  are  edible.  The  Acorus  Calamus  or  Sweet  Flag,  emits  an  aromatic  odour 
^''wn  its  leaves  and  root,  and  is  a  grass  not  only  used  medicinally,  but  is  much 
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employed  in  India  as  an  artificial  shade,  when  it  is  dsawn  into  a  &«me,  and  water  thrown 
upon,  and  >air  driTen  through  it  «o  a&to  produce  a  low  temperature  end  an  avomatic 
odour. 

The  g^aera  having  the  greatest  nuniber  of  speoies  are  the  Juncus  or  Bosh,  and 
Ihe  Luzula  or  Wood-rosdi,  under  which  terms  are  comprehended  most  of  the  Bashes 
growing  in  fresh  and  salt  water  in  .this  country.    They  comprehend  thirty-^seven 


The  orders  Digynia  and  Polygynia  have  but  one  genus—  Oxyria  in  the  former,  and 
Alisma  Plaatago  or  the  Water  Pbdntan  in  the  latter.  In  the  order  Trigynia  we  find 
Are  genera,  two  of  whichace  worthy  of  mention:  the  GolchicBm  Aatumnale,  with 


?u:.316. 
'  n«xan<liid  Polygynia. 


Fig.  J17. 
Hexandria  Trjgynia. 


Klg.AlS. 
Hcxandiia  Digynia. 


Fig.  315. 
Hexandria  Moncgynla. 


its  beautiful  ^wer  and  medicinal  coimus,  and  the  common  E.umex  or  .Dock,  and 
Eumox  Acetosa  and  AcetoseUa,  the  common  and  ^the  Sheep's  Sorrel.  >The .  latter 
cku»  of  plants  naye  no  coroUa. 

Thus,  whilst  a  few  of  the  members  of  this  class  are  wonJblMs  weeds,  juaoy 'others 

.  form  the  choicest  parts  of  the  collections  of  .the  horticultuiists,  and  have  obtained  more 
attention  in  their  cultiyation  and  improvement  than  almost^  any 'Other  satiTe.plaBts. 
They  comprehend  nearly  all  our  native  flowerixng  endogenoua  pluits. 

Class  ^VIIi-^HBrrA»DMA. 
.This  olflBs^poaseeiMs  butone  gemi8,ihe  ekgant  Eiivopean  OhidDvead  •Winter^greoi 
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Ttisiititlifi  Eurofsa,  which  has  b&vud.  stameafl,  and  one  pistil.    Its  oalyx^  corolk,  and 


Fig.  820. 
Heptandria  Monogynia. 

seed-yessel  are  each  divided  into  seven  parts,  and  well  fllustrate  the  law  mentioned  At 
page  111. 

Class  VIII.— Octandria. 

The  plants  of  this  elass  have  eight  stamens,  and  are  divided  into  four  otdenH-tnz.y 
Mmgyma,  JHgyma,  Trigyma,  and  Tetraffffnia.  These  are,  however,  few  in  number; 
forming  only  thirteen  g^iem  and  forty  species.  The  general  characteristic  of  the  dass 
is  rather  .thatof  beauty  than  of  utility ;  and  yet  it  is  far  from  being  wanting  in  either. 


flg.'SJS. 
Ootaadria  Tetci^Aia. 


Fig.  3f24. 
OetandKia.  Monogjafe. 


As.  insi8nces(«if  beauty,  we  may  mention  that  in  the  first  order  there  are  the  JEnothera 
Uennisy,  or  .Evexmig.  Piimrose ;  the  Epilobium,  or  Willow-herb ;  and  the  gentle  ^^Erieay 
^tr  Heath,— 4lian  which  nothing  «fin  be  more  lovely  in  their  separate  characters. 

Amongst  the  genera  which m^be  termed  useful,  we  instance  iho Acer,  or  Sycamore 
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and  Maple;  Vaccinium  Vitis-idaBa,  or  Cowberry  ;  Vaccimum  ozycoccns,  or  Cranberry ; 
Vaccinium  myrtillus,  or  Bilberry,  with  Daphne  Mezereum,  or  Mezereum,  and  Poly- 
gonium,  both  of  which  possess  valuable  medicinal  properties.  The  last-named  plant 
belongs  to  the  order  Trigynia ;  and  three  others,  Adoxa,  Paris,  and  Elatine  are  ranged 
under  the  order  Tetragynia.  The  Epilobium  is  the  most  abundant  and  fhiitfiil  in  species, 
haying  nine,  which  inhabit  either  dry  or  moist  localities.  It  is  probable  that  the  whole 
class  must  be  regarded  as  possessed  of  irritating  properties. 


Class  IX. — Ennbandria. 

This  class,  like  Heptandria,  contains  but  one 
genus  and  one  species,  the  beautiful  Butomus 
Umbellata,  or  flowering  Rush,  growing  in  ditches 
and  the  borders  of  stagnant  waters.  It  has  six 
pistils ;  and,  consequently,  the  sole  ord3r  in  the 
class  Enneandria  is  Hexagynia. 


Fig.  325.— Enneandria  Hexagynia. 


Class  X. — Decandrta. 

This  is  a  well-defined  class  of  plants,  the  members  of  which  are,  for  the  most  part, 
fitly  associated  together.  They  have  ten  stamens,  and  two,  three,  or  five  pistils, 
and  consist  of  twenty-one  genera  and  one  hundred  and  seven  species.  A  few  are 
beautiful ;  but  the  majority  are  weeds,  though  not  without  a  certain  degree  of  interest, 
since  they  enliven  by  their  small  and  modest  flowers  our  mossy  banks  and  waste  places. 

The  order  Monogynia  has  five  genera,  two  with  polypetalous  flowers— Monotrop a 


Rg.  826. 
Decandria  Monogynia, 


Fig.  327.  Fig.  328.  Fig.  329. 

Decandria  Digynia.    Decandria  Pentagynia.  Decandria  Trygynia 


and  Pyrola,  or  "Winter-green — and  three  with  only  one  petal,  as  the  Arbutus  or  Bear- 
berry.  There  are  five  genera  in  the  order  Digynia— viz.,  Scleranthus,  Chrysosplenium, 
Saxifraga  or  Saxifrage,  Saponaria,  and  Dianthus  or  Pink ;  whilst  the  order  Trigynia 
has  the  Arenaria  or  Sandwort,  Stellaria  or  Stitchwort,  Silene  or  Catch-fly,  and  Cherleria 
— all  weeds.  The  fourth  order,  or  that  called  Pentagynia^  has  seven  genera— the 
Lychnis;  Cerastium,  or  Mouse-ear  Chickweed;  Sedum,  or  Stone-crop;  Cotyledon; 
Oxalis  Acctosella,  or  Wood-sorrel;  Agrostemma;  and  Spergula.  The  Dianthus, 
Saxifraga,  Lychnis,  and  Oxalis  are  doubtless  the  most  beautiful ;  whilst  the  Pyrola  and 
Arbutus  exhibit  certain  feeble  medicinal  qualities.  The  class  is  somewhat  remarkable 
for  the  number  of  species  in  proportion  to  that  o^  the  genera. 
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Clam  XI.— Dodeoakd&ia. 

Hitherto  the  daases  hare  succeeded  each  other  by  the  addition  of  one  stamen ;  but 
this  addition  is  of  two,  there  being  no  English  plant  with  eleven  stamens.  The  order 
contains  bnt  five  genera  and  eight  species  (each  plant  haying  twelye  stamens),  sub- 
divided into  five  daases — viz.,  Monogynia^  Digynia^  Trigynia^  Tetragynia^  and  JDodeca" 
gynia  (twelve  pistils).     The  genus  and  species  Sempervivum  teetorum,  or  House- 


Fig.  880.  Fig.  831. 

Dodecandrla  Tetragynia.     Dodecandria  Trigynia. 


Fig.  882. 
Dodecandria  Digynia. 


leek,  is  the  best  known,  and  belongs  to  the  order  Dodecagynia ;  after  which  may  be 
placed  the  Agrimonia  Eupatoria  or  Agrimony  (Digynia),  and  then  Reseda  (Trigynia), 
and  Asarum  and  Lythrum  (Monogynia).    The  Agrimonia  is  presumed  to  possess  slight 


Fig.  383.— Dodecandria  Mpnogynia* 


Fig.  884.— Dodecandria  Folygynia. 


medicinal  properties ;  but  the  whole  class  is  deficient,  not  only  in  number,  but  in 
beauty  and  utility. 

Class  XII.— Icosandria. 

This  is  a  most  interesting  class  of  plants,  second,  if  at  all,  only  to  Triandria ;  and  is 
one  of  those  which  chances  to  be  well  comprised  in  the  Linnsean  system.     It  contains 
twelve  genera  and  sixty-seven  species ;  and,  with  the  exception  of  the  Fyrus  Aucuparia) 
or  Mountain  Ash,  is  either  edible  or  harmless.     It  is  dis- 
tinguished less  by  the  number  than  the  position  of  the 
stamens — for  there  are  an  indefinite  number  of  stamens ; 
but  they  are  attached  to  the  calyx  (Epigynous,  Fig.  218 ; 
and  so  distinctive  is  that  arrangement,  that  a  member  of 
the  class  is  instantly  recognized. 

It  is  divided  into  three  orders — Monogynia,  JPentagy- 
ma^  and  Polygynia.    Prunus,  or  the  Cherry  and  Black- 
thorn, is  the  only  occupant  of  the  first  order ;  whilst  three 
delicious    plants — Mespilus  or  Hawthorn    and   Medlar, 
VjTxiB  (Fear,  Apple,  and  Crab),  and  Spirssa  or  Meadow-sweet— have  from  two  to  five 


Ffg-.  885.— An  Icosandrous 
flower. 


ORGANIC  NATURE— No.  XYIII. 
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stamens,  and  are  arranged  in  the  order  Pentagynia.  The  third  order  has  more  than  fire 
pistils,  and  is  termed  indefinitely  Polygynia ;  and  in  it  are  found  the  Eosa  or  Eose, 
Ruhus  or  Bramble  and  Bkckbenyy  Pragaria  or  Strawbanry,  Geum,  Dxyas,  Tormen- 
tilla,  Potentilla,  and  Oomanun. 

It  is  thus  evident  that  this  class  comprehends  nearly  all  oar  edible  juicy  fruits, 
besides  the  beautiful  flowers  which  precede  them,  and  such  others  as  the  Bose.  It  is  a 
class  of  plants  most  readily  diagnosed,  in  whateyer  part  of  the  world  they  may  be  found, 
and,  moreover,  are,  with  few  exceptions,  healthful  as  food.  A  slight  medicinal  astrin- 
gent influence  is  attributable  to  the  Tannin,  which  is  present  in  small  quantities  in 
such  plants  as  the  Potentilla,  Tormentilla,  and  the  Bose ;  and  it  is  not  improbable  that. 


Fig.  336. 
Icosandria  Polygynia. 


Figr.  337. 
Icosandria  Ifonogynia* 


in  a  slight  degree,  it  pervades  the  whole.  This  class  of  plants  is,  however,  of  greater 
use  to  the  horticulturist  than  to  the  physician;  for  none  are  more  susceptible  of 
improvement  from  culture  and  admixture  of  species  than  the  beautiM  Bose  (Fig.  207), 
the  Strawberry,  Apple,  and  other  juicy  fruits. 


Class  XIII. — ^Poltandkia. 

This  class  differs,  in  a  remarkable  degree,  from  the  preceding,  especially  in  the 
powerful  medicinal  qualities  with  which  its  members  are  endowed.  In  this  respect  it 
resembles  only  a  part  of  the  heterogeneous  class  Pentandria,  and  with  that  division  of 
plants  furnishes  many  poisonous  narcotic  and  narcotieo-acrid  substances.  It  has  nearly 
double  the  number  of  genera,  and  yet  fewer  species  than  those  possessed  by  Icosandria 
viz,,  twenty-two  genera,  and  fifty-five  species.  It  is  determined  by  the  presence  of 
numerous  but  an  indefinite  numb^  of  stamens,  similar  to  the  class  Icosandiia ;  but  the 
two  classes  present  some  diiSerence,  the  former  having  the  stamens  inserted  beneath 
the  ovary,  and  therefore  hypogynoos  (Fig.  225),  as  in  the  Poppy.  It  is  divided  into 
three  orders,  named  Monogyma,  Pentagynia,  and  Polygynia, 

The  order  Monogynia  contains  eight  plants,  of  which  four 
{viz.,  the  Papaver  or  Poppy,  Ohelidonium,  jGrlaucium  or  Homed 
Poppy,  and  Actaea)  have  only  four  petals;  whilst  two  (the 
Helianthemum)  or  Bock  Bose,  and  Tilia  Europeea  (or  the  Lime 
Tree),  have  five ;  and  two  others,  which  are  water  plants  (the 
Nymphaea  Alba  or  the  White  Water  Lily,  and  the  Nuphar 
Lutea  and  Pumila  or  the  Yellow  Water  Lily),  have  an  indefi- 
nite number  of  petals.  The  above  distinctions  are,  however, 
somewhat  iUusory ;  since  no  plants  more  than  these  now  men- 
tioned have  the  power  of  multiplying  their  petals  by  cultivation  at  the  expense  of  the 


i^Am 


Pig.  388.— Polyandria 
Monogyma. 
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stameps  (pfge  114)  ;    but  they  are  of  yahae,  injosmuch  as  the  number  is  either  the 
origiQal  one,  er  aome  multiple  of  it. 

The  (ffder  Pfntogyoia  oootaina  five  genera  of  beautiful  plants,  which  have  fi*om  two 


F^.  339.  Fig.  810.  Figr.  341. 

Poljandria  Monogyni^.  Folyandria  Pentagynia.  Polyaiidria  Folygynia. 

to  sis  pistUsy  and  includes  the  splendid  Pocmia  or  Peony,  Delphinum  or  Larkspur, 
Aconitom  or  Monkshoodi  Aquil^iia  or  CSolumbine,  and  the  Stratiotes. 

There  are  nine  genera  ^  the  wder  Polygynia,  each  of  which  have  an  indefinite 
number  of  ptistils ;  and  i^any  of  these  are  leonarkahle  for  their  sombre  beauty.    Thus 

,  there  are  the  Clematis,  Anemone,  Hellebonui  or  Hellebore,  Adonis,  Ranunculus  or 
Crowfoot,  ThaUotnun  or  Meadownrue,  Oaltha  Palustzis  or^  Marsh  Marigold,  Trollius, 
and  Ficaria. 

This  class  is  therefore  remarkable  for  its  powerful  medicinal  or  poisonous  properties 
—properties  which  pervade  the  class  as  a  whole — and  for  its  flowers,  of  a  deep  colour 
and  sombre  beauty.  Amongst  the  former  we  may  mention  the  Papayer,  which  supplies 
so  Tftst  a  quantity  of  Opiwu  (page  51),  HeHeborus  Niger  or  Black  ^e]l6borc,  and 
Acomtum,  all  of  which  still  supply  medicinal  x^^eparations ;  whilst  the  Ghelidoniimi) 
Bdphinum)  Fic^uria,  Banvnpulus,  And  oeyeral  others,  are  known  to  be  poisonous.  The 
Tilia  affords  a  delicious  scent  when  in  bloom ;  whilst  the  flower  of  the  Nympheea 

;  Alba,  Paonio,  Helianthemum,  Delphinum,  Aquilegia,  Anem(me,  and  Adonis,  may  well 
take  rank  amongst  the  most  favourite  productions  of  our  gardens  and  ponds.  The 
Xymphsaa  is  also  remarkable  as  yielding  beautifal  stellate  cells  (page  11) ;  whilst  the 
Papayer  and  CheUdonium  possess  a  large  quantity  of  laticiferous  tissue  (page  29)  and 
iQi%  juices.    The  Eanuuculua  is  the  oxily  plant  bearing  a  true  nectarium  on  the 

,  claw  ofits  petal  (page  69). 

Class  XIV. — BmYNAuiA, 

I  We  have  now  passed  in  review  all  the  classes  which  are  founded  simply  upon  the 
number  of  stamens  and  their  position,  and  proceed  to  those  which  are  based  on 
more  complex  phenomena.  The  one  now  under  consideratien  has  only  one  other 
clement  added  to  that  of  number — viz.^  the  relative  length  of  the  stamens,  not  as  an 
acci^oT,+^  but  an  essential  fact.    The  class  Didynamia  is  characterized  by  having  two 

'  long  s/^  two  short  stamens  (Pig.  223),  and  is  divided  into  two  orders— -rtjc.,  Gym^ 
notpermia,  in  which  the^  seeds  do  not  exceed  four  in  number,  and  appear  to  be,  but 

I  f^y  are  not,  naked  at  tiie  base  of  tiie  flower ;  and  Angiotpermia^  having  the  seeds  in 
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Fig.  342.  Fig.  343. 

Fig.  342.— Didynamia  Angiospermia. 
Fig.  343.— Didynamia  Gymnospermia. 


a  manifest  capsule.    It  is  requisite  to  remark,  that  when  linnsens  founded  his  classi- 
fication, the  seeds  in  the  order  Gymnospermia  were  believed  to  be  naked ;  but  more 

recent  investigation  has  shown  that  they  -were 
inclosed  in  a  flattened  two  or  four-celled 
ovarium.  This,  therefore,  is  an  incorrect 
division  of  the  class ;  but  it  has  its  value, 
since  the  seeds,  as  they  lie  at  the  bottom  o£ 
the  ovarium,  seem  to  be  naked. 

There  is  a  further  general  characteristic 
of  this  class — viz.,  the  labiate  or  bilabiate 
corolla  (page  115),  which  is  found  in  the 
major  part  of  its  members. 

There  are  thirty-four  genera,  and  eighty- 
five  species,  in  the  class  Didynamia,  and 
of  these  twenty  genera  are  arranged  in  the  order .  Gymnospermia.  The  calyx  is  two- 
lipped.in  six  genera — viz.,  the  Origanum  or  Marjoram,  Thymus  or  Thyme,  Prunella, 
Scutellaria,  Melittis,  and  Clinopodium;  but  it  is  nearly  regular,  and  divided  into  five 
segments  in  the  major  part  of  the  order,  as  the  Mentha  (Peppermint,  Spearmint, 
Bergamot-mint,  Pennyroyal,  &c.),  Nepeta  or  Catmint,  Mamibrium  or  Horehound, 
Betonica  or  Wood  Betany,-  Leonunis,  Glecoma  or  Ground  Ivy,  Lamiimi  or  Bead 
Nettle,.  Galeopsis,  Teucrium  or  Wood  Sage,  and  others.  Nearly  the  whole  of  the 
members  of  this  order  are  common  way-side  and  water-side  plants ;  but  they  possess 
valuable  medicinal  properties,  as  in  the-  essential  oils  found  in  little  reservoirs  of  the 
leaves  of  the  Mentha,  Origanum,  and  Thymus ;  and  a  bitter  principle,  which  is  well 
known  to  herbalist  housewives,  residing  in  the  Marrubium,  Betonica,  and  others.  It  is 
probable  that  no  member  is  decidedly  poisonous. 

The  order  Angiospermia  differs  not  only  in  having  an  evident  capsule,  but  in  the 
possession  of  poisonous  qualities,  at  least  in  several  of  its  members,  and  is  an  instance 
in  which  plants  of  diverse  affinities  have  been  improperly  arranged  together  under  the 
same  head,  simply  because  one  point  in  their  organization  seemed  to  indicate  a  resem- 
blance.   . 

The  number  of  sepals  is  again  a  mark  of  distinction.  Thus  the  genus  Orobanche 
has  but  two  sepals,  whilst  the  Euphrasia  or  Eye-bright,  Rhinanthus  or  TeUow  Battle, 
Lathraea,  Bartsia,  and  Melampyrum,  have  four  segme];its  of  the  Calyx,  and  eight  have 
the  Calyx  five-clefb.  The  last  division  contains  the  most  important  members  of  the 
order,  and  of  these  the  Digitalis,  or  Foxglove,  takes  precedence.  That  plant  yields  a 
product  fi:om  its  leaves  which  is  of  great  value  in  medicine^  and  which  on  many  occa- 
sions has  inadvertently  produced  death.  There  are  also  the  Scrophularia  or  Figwort, 
common  in  ditches  and  on  bapks.  Antirrhinum  or  Snapdragon,  Linaria  or  Toad  Flax, 
Pedicularis  or  Lousewort,  and  the  modest  Linnsea  Borealis,  named  after  the  great 
foimder  of  this  system. 

None  of  the  members  of  this  order  possess  the  aromatic  properties  mentioned  in  the 
preceding  order;  but  there  are  several  which  add  much  to  the  gaiety  of  our  fields  and 
ahady  lanes.    In  neither  order  are  there  any  plants  which  afford  nutriment  to  man. 

Class  XY. — ^Tetbabtnamia. 
'  This  class  resembles  the  last,  inasmuch  as  it  has  stamens  of  different  lengAs ;  but  it 
differs  in  having  four  of  them  long  and  two  short  (Fig.  344).    The  two  short  ones  are 
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placed  at  the  eides  of  the  others,  and  the  whole  are  inclosed  in  a  flower,  which  has 
invariably  four  petals,  arranged  in  the  form  of  a  Maltese  cross,  and  hence  termed 
Gradate  (Fig.  344).  Upon  the  whole  it  is  a  well-defined  and  airanged  class,  and 
may  be  readily  distinguished  by  the  construction  of  the  flower  and  the  pod-like  seed 
▼essel  which  its  members  possess.  It  is  divided  into  two  orders  by  somewhat  indefinite 
l)oundarie8— «».,  Silieulosa,  signifying  a  short  pod  (Fig.  345} ;  and  SiUquosa^  indicating 
a  long  pod  (Fig.  346).  There  are  twenty-eight  genera  and  sixty-eight  species  in  the 
whole  class.  . 

The  order  Siliculosa  is  again  subdivided  into  such  members  as  have  the  pod  entire 
at  the  top,  and  others  in  which  the  pod  is  there  notched.  The  former  comprehends  ten 
genera,  amongst  which  are  the  Cochlearia  Armoracia  or  Horse-radish,  with  other 
species  of  the  same  genus,  Crambe  Maritima  or  Seakale,  Cakile  or  Sea  Bocket,  and 
Subularia  or  Awl-wort ;  whilst  in  the  latter  there  are  Thlaspi  or  Shepherd's-purse, 
Iberis  or  Candy-toft,  and  Xepidum  or  Pepper- wort. 


Fig.  344.— Tetradynamia.  Fig.  845.— Silioulosa.       Fig.  346.— Siliqnosa. 

The  second  order,  Siliquosa,  contains  fourteen  genera,  and  amongst  them  are  plants 
of  greater  interest.  Thus  there  is  the  Brassica  (Cabbage,  Bape,  Turnip,  Navew,  and 
Seakale),  Siaapis  or  Mustard,  Baphanus  or  Badish,  Nasturtium  Officinale  or  Water- 
cress, Barbarea  or  Winter  Cress,  Arabis  or  Wall  and  Bock  Cress,  all  of  which  are 
useful  edible  plants ;  Cardamine  or  Ladies'  Smock,  and  other  species,  Matthiola  or 
Stock,  and  Cheiranthus  or  Wall-flower,  which  are  favourite  indigenous  flowers. 

The  class  Tetradynamia  is  therefore  ranked  amongst  the  most  useful  of  our  vege- 
table productions,  since  it  supplies  much  of  the  green  vegetable  food  used  by  man,  as 
well  as  condiments  and  aromatic  perfumes.  The  nutritive  properties  of  the  Brassica  or 
Cabbage  are  computed  as  1  to  16  of  Horse  Beians,  Lentils,  Peas,  and  Hancots;  1  to  8 
of  Wheat  and  Oats ;  2  to  1  of  Turnips,  and  of  equal  proportions  to  Carrots  and  old 
Potatoes ;  and  is  chiefly  due  to  the  relative  quantities  of  starch  contained  within  their 
cells  (page  32). 

Class  XVI. — ^Monodblphia. 

This  and  the  succeeding  classes  are  founded  upon  another  feature  in  connection 


/ 


Fig.  847. 

Monodelphia  Pentandria. 


Fig.  848. 
Monodelphia  Polyandria. 


Fig.  849. 
Monodelphia  Decandria. 


with  the  stainens— -vtJB.,  the  adherence  of  their  filaments,  so  as  to  produce  one,  two,  or 
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more  sets.  In  tlie  small  class,  now  under  oonsid^ntion,  thfi  filaments  are  united  together 
into  one  bundle,  which  may  consist  of  five  stamens^  as  in  £rodium  or  Stork's  bUl;  of 
two  stamens,  as  in  the  allied  genus  G«r»iiian  ^  or  of  an  indefinite  nuabw  of  stamens, 
as  the  Malya  or  Mallow  (Fig.  219),  J^Jtthsea  or  Manh  Hallow,  and  Layatera  or  Tree 
Mallow.  These  four  genera  constitute  the  whole  class,  and  are  subdivided  into  the  follow- 
ing orders  as  above  iBAim&te^^Pentandria^  JkeandriOy  and  Folffandria,  Kone  of  them 
are  either  edible  or  poisonous ;  but  the  Malva  and  ^thtea  hate  been  emfAojed.  in 
domestic  medicine  on  accoimt  of  the  mucilaginous  juices  which  they  yield.  The 
indigenous  Geranium,  or  Crane's  bill,  offers  thirteen  speoiee  ^  buty  whilst  they  are 
interesting  wayside  herbs,  they  are  infinitely  inferior  in  beauty  to  the  cultivated  floweifiB 
whieh  more  conmaonly  bear  that  name.  The  whole  olass  eenilS^  of  five  genera  and 
twenty-two  speeies. 

Class  XVII. — Diadblphia.. 
This  is  a  class  of  very  great  importance,  and  is  fitly  associated  with  the  Xcosandiiat 
Triandria,  and  Tetradynamia,  in  supplying  nutritive  and  pleasant  food  for  man  and 
animals.  It  contains  eighteen  genera  and  seventy-four  species,  and,  as  a  whole,  is  a 
tolerably  well-associated  class  of  plants.  It  is  diaracterised  by  having  the  filaments 
of  the  anthers  arranged  in  two  sets  (die  second  set  usually  consisting  of  but  one  fila- 
ment. Fig.  221) ;  and,  as  a  rule,  they  are  inclosed  in  the  carina  or  keel  of  the  Papillio- 
naceous  corolla  (Fig.  213).  It  is  divided  into  three  orders,  according  to  the  number 
of  the  stamens — viz.,  Kexandria,  in  which  there  is  but  one  genus,  the  Fumaiia,  or 
Fumitory  growing  in  corn-fields ;  Octandria^  also  consisting  of  one  genus,  the  Polygala 
or  Milkwort ;  andj'^lastly,  JDecandria,  which  comprises  the  remaining  genera.  The  orders 
Hexandria  and  Octandria  oftei  nothing  of  importance';  so  that  it  is  to  the  Decandria 
that  W6  direct  our  attention.    In  this  order  the  ten  stamens  are  invariably  arranged  in 


Fig.  ^50.  ng,  m.  Pig.  Jr51 

DiadelphiaHexandda.  Diadelpkia  Decandria.       Diadtiphia  OcUadria. 

a  set  of  nine  and  an  odd  one,  which  is  not  readily  separable  &)m  the  nine  by  any  one 
ignorant  of  its  separate  existence.  It  usually  lies  attached  to  the  thin  edge  or  face  of 
the  mass  of  filaments.  The  following  are  the  chief  members  of  this  class : — the  Pisum 
or  Pea,  Vicia  or  Vetch,  Anthyllis  or  Kidney  Vetch,  Orobus  or  Bitter  Vetch,  Lathyrus  or 
Vetchling,  Hippocrepis  or  Horseshoe  Vetch,  Astragalus  or  Milk  Vetch,  Ervum  or  Tare, 
Trifolium  or  Clover,  Lotus  or  Bird's  Foot,  Ulex  or  Furze,  and  Genista  or  Broom  ;  the 
latter,  with  the  Ulex,  Anthyllis,  and  Ononis  being  the  only  instances  in  which  all  the 
stamens  are  united  at  their  base.  The  Pea  is  the  only  member  supplying  human  food 
under  ordinary  circumstances;  but  in  seasons  of  dearth  others  have  been  used,  and 
again  may  be  used  with  great  advantage.  Nearly  all  the  remaining  genera  are  com- 
monly used  as  fbod  for  animals,  and  a  very  few  have  medicinal  prolixities,  as  the 
Grenista  and  the  Fnmaxia  Officinalis.    Kotie  tere  poisonotts. 

They  are,  for  the  most  part,  cHmbillg  pkttts  with  pinnat6  leaves,  and  tiie  noidrib 
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elongated  into  a  tendril  or  cirrhus  (Fig.  185).     The  prevailing  colours  of  the  coroUa 
are  yellow  or  rei 

Class  XVIII.— Poltdelphia. 

This  class  cosisisti  of  one  genus,  Hypericum  or  St.  John's  Wort,  and  eleven  genera, 


Fig.  358.~PolydelphU  Polyandria. 

and  has  the  stamens  divided  into  three,  fbnr,  or  more  sets  (Fig.  220). 
wise  of  interest.    It  belongs  to  the  order  Polyandria, 


It  is  not  other* 


Class  XIX.— Stnoenesia. 
This  is  the  largest  class  of  plants  in  every  Flora,  and  is  one  of  exceedingly  well- 
defined  characters.  It  is  also  one  of  some  difficulty  to  the  young  botamst  in  determining 
the  species,  and  even  some  of  the  genera ;  but  the  mere  class-characters  are,  even  to 
him,  of  most  ready  discernment.  Its  distinguishing  feature  is  Ihe  union  of  the  anthers 
(not  necessarily  of  the  filaments  also)  into  a  tube  through  which  the  pistil  passes 
(Fig.  222).  The  flowers  are  also  arranged  on  a  capitulum  or  head,  and,  in  many 
instances,  those  of  the  margin  or  ray  differ  in  size,  or  other  particulars,  from  those  of 


Fig.  35^ 
Foljgamia  Equalis. 


Tig.  855. 
Polygamia  Superfioa. 


Fig.  356. 
Polygamia  frustanea. 


the  centre  or  disk ;  and  henee  the  flowers  of  the  head  are  frequently  divided  iuto  florets 
of  the  ray  and  florets  of  the  dialc  The  whole  florets  are  surrounded  by  an  involuere 
of  bracts,  and  each  separate  floret  has  a  small  calyx,  which  is  commonly  chafly .  The 
part  upon  which  the  flowers  are  placed  is  called  the  receptaole  (Fig.  193).  There  are 
forty-one  genera,  and  one  hundred  and  thirty-three  species. 

This  dass  is  divided  into  three  orders.  The  first  is  Fd^ffomia  ^!gual%8f  in  which  all 
the  flowers  are  perfect,  having  five  stamens  and  one  pislal,  and  produdng  one  seed. 
It  contains  22  genera  and  71  species,  and  is  subdivided  into  three  parts,  accord- 
ing to  the  form  of  the  corolla.  Twelve  genera  have  all  the  corollas  strap-shaped. 
Buck  are  the  Oiehoiium  or  Chioory,  the  root  of  which  is  ground  to  powder,  and  used  as 
a  substitute  for  Coffee ;  Laetuea  or  Lettuce,  which  in  its  wild  state  is  poisonoiis,  but 
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when  cultivated  may  be  eaten  with  impunity  ;  PrenantheB,  or  Wall-lettttce ;  Leontodon 
taraxacum  or  Dandelion,  with  milky  medicinal  juices ;  Sonchus  or  Sow  Thistle ;  Hiera- 


Fig.  S57.  Fig.  358- 

Detached  floret  of  the  ray  in  the  Folygamia  Saperflua.  Folygamia  Equalis. 

cium  or  Hawk  Weed ;  Apargia  or  Hawkbit ;  and  Tragopogon  or  (boat's  Beard.  The  ten 
remaining  genera  have  all  the  corollas  tubular ;  six  with  the  florets  spreading  so  as  to 
form  a  hemispherical  head  andface^  with  the  florets  lying  parallel  and  crowded  together, 
and  forming  nearly  a  level  surface  at  the  top.  Amongst  the  former  are  the  Carduus  and 
Cnicus,  two  forms  of  prickly  thistle,  and  Arctium  or  Burdock ;  and  of  the  latter  are  the 
Bidens  or  Bur  Marigold,  Diotis,  Eupatorium,  and  Chrysocom'a. 

The  second  order  is  Folygamia  Superjlua,  in  which  all  the  florets  are  fertile ;  but 
yet  in  many  cases  those  of  the  ray  have  pistils  only.  The  marginal  florets  appear 
wanting  in  the  Arteme'sia  or  Wormwood,  Tanacetum .  or  Tansy,  Gnaphalium  or  Cud- 
weed, and  Conyza  or  Spikenard ;  whilst  they  are  developed,  and  have  a  strap-shaped 
figure,  in  aU  the  remaining  orders.  Amongst  the  latter  are  found  the  modest  *^  wee 
crimson  tipped  flower,"  the  BeUis  Ferrennis,  Tussilago  farfara  or  Coif  s-foot,  Anthemis 
or  Camomile,  Achillea  or  Millefoil,  Senecio  or  Groundsel,  Aster  or  Starwort,  Chrysan- 
themum or  Ox-eye,  and  Com  Marigold,  Fyrethrum  or  Fever-few,  Solidago  or  Golden 
Eod,  Inula  or  Fleabane,  and  Cineraria  or  Fleawort. 

The  third  order  is  called  Folygamia  Frustranea,  and  has  perfect  and  fertile  florets  of 
the  disk ;  but  the  florets  of  the  ray  have  neither  stamens  nor  pistils,  and  hence  the 
term  *^  Frustranea."  The  Centaurea,  or  Centaury,  is  the  only  genus,  with  its  seven 
species. 

On  taking  a  review  of  this  extensive  class  we  flnd  that  the  Lettuce,  in  its  cultivated 
state,  and  the  dried  root  of  the  Chichorium,  are  the  only  members  which  afford  nutri- 
ment to  man.  Certain  others,  as  the  Sonchus,  Leontodon,  Carduus,  Cnicxis,  and 
Senecio  are  eaten  by  various  animals.  Many  members  have  been  more  or  less 
employed  medicinally,  and  it  is  probable  that  medicinal  properties  are  possessed  by  the 
whole  class.  Those  which  have  been  most  commonly  used  are  the  Anthemis,  Tus- 
silago, Artemesia,  Leontodon,  Hieracium,  and  Inula.  Some  of  these,  with  the 
Lactuca  and  many  other  members  of  the  class,  abound  in  Latici&rous  tissue  and  milky 
juices ;  and  to  these  may  chiefly  be  attributed  the  medicinal  effects  of  the  plants.  They 
grow  exclusively,  or  nearly  so,  on  dry  land,  -and  many  of  them  in  waste  places.  But 
few  have  been  thought  worthy  of  horticultural  cultivation. 

Class  XX. — Gtnaitdbia, 
This  is  a  very  curious  class  of  plants,  and  at  the  present  day  axe  very  fashionable. 
In  this  country  diey  grow  chiefly  in  meadow  lands  and  moist  soils ;  but  in  tropical 
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Fig.  359. 
Gynandria 
HezAndria. 


Fig.  861. 
Gynandria 
Monandria. 


regions  they  are  beautiful  parasites  upon  decaying  trees.    No  more  splendid  conpeption 

of  a  flower  can  be  obtained  than  that  which  is  offered  by  some  members  of  this  class 

now  collected  in  the  Royal  Gardens  at 

Kew.      The  class  is  distinguished  by 

having   the  stamens   situate   upon,  or 

connected  with,  the  style  or  other  part 

of  the  pistil.    There  are  three  orders — 

I  Monandria,  Diandria,   and  Hexandria; 

\  but  all  the  British  genera  belong  to  the 

I  first,  except  Cypripedium,  which  has 

I  two  stamens,  and  Aristolochia,  which 

'  has  six  stamens. 

I        The  order  Monandria  has  ten  genera, 

I  while  the  whole  class  consists  of  twelve 

i  genera  and  thirty-seven  species.  The 
anther  is  fixed,  terminal,  and  permanent  in  the  Epipactis ;  and  moveable  and  deciduous 
in  the  Malaxis  and  Corallorhiza.  It  is  parallel  to  the  stigma,  and  of  two  cells  close 
together  in  the  Neottia,  Goodyera,  and  Listera ;  and  either  of  two  vertical  cells ; 
permanent,  fixed  to  the  sununit  oi  the  style  in  Orchis,  Aceras  or  Green  Man  Orchis, 
Ophrys  or  Fly  Orchis,  and  Herminium  or  Green  Musk  Orchis, 

Our  native  specimens  of  this  class  are  not  especially  interesting,  except  the  common 
Orchis,  with  its  variegated  corolla  ai^d  green  leaves  spotted  with  black,  as  it  is  growing 
on  a  rich  moist  meadow.  They  are  not  used  as  food,  except  the  so-called  tubers  of  a 
few  members  which  have  yielded  an  amorphous  form  of  starch.  The  general  charac- 
teristic of  the  class  is  acridity ;  but  they  are  not  enq)loyed  in  medicine.  The  whole  class 
is  peculiar,  inasmuch  as  from  the  conformation  of  their  sexual  organs  they  need  the 
intervention  of  an  insect,  as  the  Bee,  to  carry  the  pollen  from  the  anther  to  the  stigma, 
and  ensure  fructification. 

Class  XXI. — Mon(£cia. 

In  each  of  the  preceding  twenty  classes  every  flower  has  been  bisexual,  and  conse- 
quently every  tree  bearing  flowers 
must  have  them  in  this  hermaphro- 
dite condition.  The  three  following 
f^MI^Su  ^^^Sil^  classes  are  exceptions  to  the  general 

J^BS&L  ^BBSj^  rule,  and  have  flowers  of  one  sex  or 

^^^^B  ^WRg^        of  two  sexes,  and  on  the  same  or  on 

HBy  ^^  ^^BH      different  trees.  In  the  class  Monoecia> 

the  flowers  are  unisexual,  some 
having  stamens  only  and  others  only 
pistils  on  the  same  plant.  It  is  a 
highly  important  class,  since  it  contains  a  considerable  number  of  our  forest  trees. 
It  is  divided  into  seven  orders — viz,,  Monandria,  Diandria,  Triandria,  l^irandria, 
FmUmdria,  Folyandria  (more  than  flve  stamens),  and  Monodelphia  (filaments  united 
into  one  brotherhood),  and  together  contains  twenty-five  genera  and  one  hundred  and 
eight  species. 

The  order  Monandria  (one  stamen)  possesses  but  two  genera — the  Euphorbia  or 


Fig.  882.— MonoBCia  Monodelphia. 


Digitized  by  ^OOQIC 


170 


THE  GLASS  MONCEGIA. 


Spurge,  which  is  a  commoiL  weed  an  waste  land,  and  the  Zannichella.    Triandria  is 
^liefly  occupied  hy  the^Sedges,  under  the  names  of  Garez,  which  alone  claims  sixty  of 


Figr.  S63. 
MoaoBcia  Diandria. 


Fig.  864. 
MoxuBcia  Monandria. 


Rgr.  365.  Fig.  366. 

MonoBOia  Pentandria.    Monceoia  Tetrandria. 

Fig.  367.~H(m<seia  Triandria. 

the  whole  hundred  and  eight  species  iound  in  the  classes  Typha  or  Reed  Mace,  and 
Sparganium  or  Bur-reed ;  all  of  which,  with  the  Elyna,  grow  in  marshy  and  muddy 
places. 

The  order  Tetrandria  (four  stamens)  has  five  genera— t^wJ.,  Aluno  Glutinosa  or 
Common  Alder-tree,  Buxus  Sempervirens 
or  Box-tree,  Urtica  or  Stinging  Nettle, 
Littorella,  and  Eriocaulon.  The  stinging 
secreting  hairs  of  the  Nettle,  with  their 
circulation^  haye  been  described  at  page  67. 
There  are  only  three  genera  in  the  order 
— Pentandria  (five  stamens);  Bryonia  or 
Bryony;  Xantheum,  and  Amaranthus; — 
whJU&i  the  order  Folyandria  (more  than  five 
stamens)  has  ten  genera,  several  of  which 
are  our  most  important  wooded  trees.  Thus  we  find  the  Quercus  or  Oak,  Betola  or 
Birch,  Fagus  or  Beech  (Fig.  126),  and  Chestnut  and  Corylus  or  Hazel,  amongst 
trees ;  with  Carpinus,  Sagittaiia  (Fig.  173),  CeratophyUum  and  Myriophyllum ;  and, 
last,  the  Arum  Maculatum  or  Wake  Robin  (Fig.  76),  with  its  starch-containing  cormus. 
The  valuable  Pinus,  or  Fine-tree,  is  the  sole  occupant  of  tilie  last  order,  or  Monode^hia. 

It  is  scarcely  possible,  in  so  heterogeneous  an  assemblage  of  plants,  to  fix  upon  aay 
leading  common  characteristic ;  but  although  no  member,  except  the  eorm  of  the  Arum, 
and  the  nuts  of  the  Fagus,  Querous,  and  Corylus,  offers  anything  for  Ihe  fbod  oi  man  or 
beast,  neither  is  any,  except  the  Oak-bark,  employed  in  medicine,  it  is  highly  probable 
that  valuable  astringent  and  perhaps  acid  i^roperties  are  common  to  them  alL    The 


Fig.  368.— Manoeda  Folyandria. 


Digitized  by  VjOOQIC 


I^HE  CLASS  I>t<£CIA. 


171 


Betola  yields  a  fenaentmg  jmce,  fit)m  which  a  good  wine  is  produced  (page  23) ;  and 
the  Pinus  affords  turpentine  and  resins :  bat  it  is  the  wood  which  this  class  yields  that 
CQDtributes  to  its  value. 

Class  XXII.— Dicbcia. 

Thia'agrees  with  the  former  in  all  the  flowers  being  -nnlsexual,  and  having  either 
stamens'or  pistils  alone ;  but  it  differs  in  this  respect,  that  the  two  sexes  occupy  different 
trees.    Thus  one  plant  has  whoUy  male  flowers,  and  another  has  exclusively  female 


Fig.  869.— Dkscia  Trkadria.       Fig*  870.— Dkeda  Icosandria.  Fig.  871.— Dkooia  Eimeandria. 


ones.  It  contains  fourteen  genera  and  eighty-two  species,  divided  into  twelve  orders, 
— w«.,  Monandriaf  Diandria^  Trimdria,  Tetrandria,  Pentandria,  Sexandria,  Octandria, 
Ermeandria,  Deeandria,  Icosandria,  Folyandria,  and  Monoddphia.  This  extreme 
division  of  its  contents  clearly  proves  that  it  possesses  very  heterogeneous  materials. 


fig.  375.— DioBcia  Biandria.       Pig.  376.— DioBcia  Monandria.       Fig.  377.— DioBcia  Dodecandria, 

of  the  latto:,  Yisoixm  Albnm,  or  Mistletoe,  deserves  mention.  The  valuable  and  scarce 
Hamulus,  or  Hop,  occupies  the  outer  Pentandria ;  and  Tamus,  or  Black  Bryony,  the  order 
Hflzandria.     Populus,  or  the  Poplar-tree,  is  found  in  Octandria ;  and  Merourialis  and 


Fig.  372.— Dkeda  Octandria.       Fig.  373.— Dicecia  Pentandria.       Fig.  374.— Dioecia  Hexandria. 


The  order  Diandria  is  occupied  by  the  genus  Salix— a  genus  which  affords  sirty-fourof 
the  eighty-two  species  of  the  class.  It  is  known  by  the  catkin  inflorescwnce  described 
at  pt^  106.   iMafldria  and  Tetrandria  have  three  genera  each ;  and  of  these  only  one 


Digitized  by  ^OOglC 


172  THE  CLASSES  POLYGAMIA  AND  CBYPTOOAHIA. 

Hydrocharis  m  Enneandria.     Coniferous  trees  monopolize  the  last  order,  Monodel- 
phia — wa.,  Juniperus  or  Juniper,  and  Taxus,  or  Yew, 


Fig.  378.^Di(Bcia  Deoandria.     Fig.  379.— Dicecia  Polyandria.    Fig.  380.— Dioeeia  Monodelphia. 

The  Salix  and  the  Populus  are  capable  of  yielding  a  medicinal  substance,  which,  is 
said  to  be  a  good  substitute  for  Quinine ;  the  Juniperus  an  oil  which  is  employed  botli 
medicinally  and  in  the  preparation  of  Hollands ;  and  the  Humulus  a  bitter  principle, 
which  should  be  used  in  the  manufacture  of  ale,  and  a  narcotic  principle  which,  is 
employed  in  medicine.  The  Taxus  is  one  of  our  most  enduring  trees,  and  has  been 
known  to  live  upwards  of  two  thousand  years.  The  latter  plant  offers  glandular  woody 
tissue,  with  a  spiral  fibre  (Fig.  60).  The  Mistletoe  Berry,  Yiscum  Album,  is  an  essential 
element  in  our  Christmas  aixangements,  and  has  been  so  for  many  ages.  The  plant  is 
one  of  those  which  took  part  in  the  ancient  Druidical  rites.  The  whole  class  possesses 
acrid  or  narcotic  acid  poisonous  properties. 

Class  XXIII. —Poltoamia. 
This  represents  a  condition  of  the  sexual  organs  which  is  intermediate  between  the 
two  last  classes ;  and  has  hermaphrodite  or  unisexual  flowers  indifferently  on  the  same 
or  on  different  plants  of  the  same  species.    It  has  but  one  member— the  Atriplex,  a 
common  and  valueless  weed  on  dunghills  and  waste  places.    It  has  seven  species. 

Class  XXIV. — Cryptogamia. 

The  characteristic  peculiarity  of  the  members  of  this  class  is,  that  they  do  not  possess 
sexual  organs,  or  that  they  so  conceal  them  that  they  have  not  as  yet  been  discovered. 
But  very  few,  comparatively,  were  known  to  Linnseus ;  and  of  those  known  in  our  day, 
the  most  beautiful,  as  well  as  the  greatest  numbers,  are  foreign  to  our  shores.  Some 
of  them  inhabit  the  most  desolate  regions,  as  the  Lichens  of  Lapland ;  w)iilst  others 
abound  in  tropical  regions,  as  the  Tree-ferns,  to  which  reference  has  already  been  made. 
They  are  commonly  known  as  Sea- weeds.  Mushrooms,  Lichens,  Mosses,  and  Ferns,  all 
of  which  are  flowerless  Sea-weeds. 

The  term  Algsd  is  a  comprehensive  term,  capable*  of  wider  signification  than  the 
corresponding  one  of  Sea- weeds,  by  which  it  is  commonly  represented  in  our  language. 
It  comprehends  a  very  large  proportion  of  the  lowest  division  of  ihe  vegetable  kingdom, 
or'that  which  seems  to  be  almost  common  ground  between  the  lowest  forms  of  both 
vegetable  and  animal  organization.  It  is  now  commonly  divided  into  several  groups, 
as  the  Brittle-worts,  Confervas,  true  Sea-weeds,  Rosetangles,  and  Charas. 

BrittU-worU  (DiatomacesB  and  Besmidise)  constitute  the  sHme  which  is  found  upon 
the  surface  of  stems,  and  are  commonly  so  minute  as  to  be  microscopic  objects.  They 
are  fragmentary,  brittle  bodies,  generally  bounded  by  right  lines,  and  of  a  green  colour; 
and  with  the  slime  in  which  they  nestle  afford  protection  and  food  to  microscopic  aoi-. 
malcules.  Many  of  them  inhabit  salt,  and  others  the  fresh  waters,  and  most  of  them 
develop  starch  within  their  cells.    Amongst  the  chief  genera  we  may  mention  Diatonia, 
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Desmidium,  Acbnanthes,  Gomphonema,  Ezilaria,  Fragillaria,  Micromega,  Beckleya, 
Gymbella,  Nayicula,  and  Euastrutn. 

Oonfervaa  also  inhabit  both'  salt  and  fresh  waters,  but  are  commonly  of  an  oliye, 
violet,  and  red,  rather  than  a  green  colour.  They  consist  of  a  series  of  cells  of  various 
forms,  as  cylindrical  tubular  globes,  or  elliptical,  and  grow  by  the  subdivision  of  their 
cells,  and  the  propagation  of  spores  within  the  cells.  Their  forms  are  extremely  varied, 
and  their  distribution  almost  universal.  The  Protococcus,  Hsematococcus,  Porphyra 
(stewed  and  eaten,  as  Lava),  TJlva,  Common  Nostoc,  or  Star-jelly,  Palmella,  Con- 
ferya,  and  Penicillum,  are  genera  commonly  known. 

Fitms^  or  Sea- weeds,  are  closely  connected  with  Confervas  both  in  structure  and  situ- 
stion.  They  differ  in  their  mode  of  reproduction,  for  the  reproductive  organs  are  situate 
without  the  plant,  appearing  as  little  green  worts  invested  by  a  thin  membrane ;  and 
the  male  organs,  or  antheridia,  have  the  spiral  filament,  before  described  imder  the 
head  of  Mosses.  Some  of  them  are  eatable,  and  are  eaten  by  various  people  in  the 
Pacific,  as  well  as  in  the  instances  of  the  Alaria  -SIsculenta,  and  Fucus  Vesiculosus,  by 
tlie  inhabitants  of  Ireland,  Scotland,  and  the  northern  islands.  They  are,  however, 
of  still  greater  use  to  man  by  affording  soda  in  the  impure  form  of  kelp,  which  is  used 
largely  by  soap  makers  and  glass  manufacturers,  and  also  iodine,  which  is  yielded  by 
many  genera,  but  more  particularly  by  the  Ecklonia  Buccinalis  of  the  Cape  of  Good 
Hope,  and  by  many  on  our  own  shores. 

Rosetanffles  (CeramiceaB)  or  the  Corallines,  are  also  Sea- weeds,  but  usually  have  a 
rose  or  purplish  colour.  They  consist  of  cells  of  various  forms,  arranged  in  one  or 
more  rows,  so  as  to  produce  an  articulated  frond,  and  are  propagated  by  spores  formed 
in  threes  or  fours  within  a  mother  cell.  They  are  entirely  marine ;  and  yield  a  greater 
number  of  genera,  which  are  edible  by  man  or  animals,  than  any  other  form  of  Sea- 
weeds. .  Of  the  edible  ones  we  may  instance  Pbcaria  compressa  and  Chondrtu  er^pm,  or 
Carrigeen  Moss ;  Rhodomenia  palmatOj  or  Dulse ;  Irtdaa  edulU ;  and  the  Laureneia 
jnnnatt/lda,  or  Pepper  Dulse.  The  Floearia  tenax  yields  glue  and  varnish,  used  by  the 
Chinese  in  the  manufacture  of  their  lanthorns ;  the  Chondrua  crispus  yields  size ;  and 
ihe  RytipTUaa  tinctoria  produces  a  valuable  dye.  This  is  a  very  valuable  class  of 
plants. 

The  Cliarai  are  submersed  plants  of  a  green  colour,  with  regularly-branched  brittle 
stems  and  whorls  of  small  branches  or  leaves.  In  some  of  these,  as  the  Nitella,  the 
circulation  may  be  ^seen  in  its  progress  up  and  down  the  stem  by  the  aid  of  the 
niicroscope. 

MUSHBOOMS. 

The  general  term  Fungi  represents  the  varied  members  of  this  extensive  class  of 
plants,  but  very  inadequately,  since  the  class  comprehends,  besides  the  true  Mushrooms 
or  Fungi,  Moulds,  Morels,  Mildews,  Blights,  and  Puff-balls.  The  members,  therefore, 
yary  from  a  size  so  minute  as  to  be  almost  or  quite  invisible  to  the  naked  eye,  to  a  mass 
much  larger  than  the  human  head.  They  grow,  for  the  most  part,  upon  decaying  sub- 
stances, and  usually  increase  in  size  from  within.  A  few,  as  the  Agaricm  fostena,  are 
Baid  to  possess  lactiferous  vessels  and  spiral  filaments.  The  major  part  of^  them  are, 
moreover,  very  ephemeral  in  their  character.  Some  of  them  are  edible,  as  tihe  common 
Mushroom  {Agaricm  campestria),  Helvella  or  Morel,  and  Tuber  or  Truffle,  all  of 
which,  with  some  others,  are  commonly  eaten  both  in  this  country  and  on  the  Conti- 
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nent  of  Europe.  Others,  however,  are  yeiy  poisoxious ;  and  it  is  believed  that  species 
which  are  sometimes  wholesome  become  poisonous  when  grown  under  other  con- 
ditions, or  eaten  by  persons  of  peculiar  sensibilities.  Upon  the  whole,  it  is  a  class 
of  plants  which  should  be  sedulously  .avoided,  although  a  yery  eonaidernble  number  are 
known  to  be  edible  in  various  parts  of  the  world.  The  dry  rot  is  due  to  the  Polyporus 
destructor,  and  other  species ;  the  blight  of  com  to  the  Fuecinia  graminis ;  the  rust  to 
the  Uredos  and  Puccini^^ ;  and  the  mildew  to  the  Mucedos  (Pig.  301).  They  also  attack 
cheese,  bread,  preserves,  fruit,  and  almost  every  article  of  fooc^  and  axe  then  known  as 
mould ;  and  it  is  a  curious  fact  that  the  presence  of  any  perfume  prevents  their  forma- 
tion. A  few  of  them  are  phosphorescent  The  number  of  genera  is  so  va^t  that  it  is 
useless  to  attempt  any  very  lixnited  selectioiu 


These  are  directly  opposed  to  Fungi,  inasmuch  as  they  are  perennial,  and  consist  of 
a  lobe  and  leaf  Jike  thallus.  They  constitute  the  gray,  yellow,  and  brown  stains  which 
give  an  air  of  antiquity  to  the  walls  of  our  churches ;  or  they  are  found  on  broad  patches 
of  a  leprous  appearance  on  the  trunks  and  branches  of  l^ees.  They  are  usefujl  to 
man  in  two  modes — ^first,  by  affording  dyes  as  described  on  page  54,  and,  secondly,  as 
food.  The  latter  quality  is  found  in  the  Cetraria  Islandica  or  Iceland  Moss,  Cenomyce 
rangiferina  or  Reindeer  Moss,  Sticta  pulmonacea,  Alectoria  usneoides,  and  various 
species  of  Gyrophora,  which  furnishes  food  to  the  Canadian  huAters.  Many  others 
possess  medicinal  properties  of  value.  It  is  an  e^^tensive  family  of  plants,  but  hitherto 
it  has  not  been  studied  with  the  care  which  has  been  bestowed  upon  other,  but  not  less 
valuable  and  interesting,  vegetable  productions. 

MOSSES. 

This  great  class  is  subdivided  into  several  portions,  and  exhibits  a  degree  of  organ- 
ization considerably  beyond  those  to  which  we  have  hitherto  referred.  Amongst  the 
subdivision  we  may  instance  the  Scale  Mosses  (Jungermanniee),  Split  Mosses  (Axl-- 
drseacea).  Urn  Mosses  (Bryaceae),  Club  Mosses  (Lycopodiacea),  Crystal  Worts  (Ric- 
ciacese).  Liver  "Worts  (Marchantiacese),  and  Horse-tails  (Equisetacea).  In  some 
instances,  as  in  .the  Sphagnum  and  Polytrichum,  the  male  organs  may  be  seen  in  con- 
stant motion  in  the  early  spring  months,  and  appear  Hke  two  thread-Uke  bodies,  with 
one  extremity  thin  and  attached,  and  the  other  enlarged  and  free,  inclosed  within  a 
distinct  cell- wall.  The  same  kind  of  motion  is  also  found  in  other  members  of  the  class, 
and  is  due  in  some  degree  to  hygrometric  influence,  as  has  before  been  described  in. 
reference  to  the  Urn  Mosses. 

The  Crystalworts  are  amongst  the  most  diminutive  members  of  the  class,  and  swim 
or  ^float  ^  upon  small  collections  of  shallow  water,  or  attach  themselves  to  the  mud. 
They  are  but  few  in  nximber.  The  Ztverworts  are  found  very  abundantly  in  damp 
unfi^squented  places,  on  the  imoovered  ground,  inclosed  by  the  walls  of  ruined  castles. 
They  consist  of  a  broad  frond,  which  lies  upon  the  soil,  and  emits  roots  from  its  under 
sur&oe,  possessing  antheridia  and  pellate  receptacles.  They  difiBsr  from  Orystalvrorts 
in  haying  elaters  and  involucrate  spore-cases. 

The  Scale  Mosses  {Jtmgermannia,  Figs.  294  and  295),  possess  a  far  higher  degiree  of 
organization,  having  well  and  symmetrically  expanded  leaves,  and,  in  many,,  a  long> 
stalk  supporting  the  simple  fruit.    They  abound  in  tropical  regions. 

The  Horse-tails  (Equisetam)  possess  a  fistular  articulated  stem,   surrounded  by 
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a  layer  of  luffd  woody  tubes.  Thefpe  are  no  leaves ;  bnt  the  external  articolated 
organs  xauch  Tesemble  them.  The  fruit  is  borne  on  the  top  of  the  stem,  and  consists 
ci  a  number  of  masses  seadle  upon  the  common  rachis.  They  are  widely  distributed, 
and  have  the  peculiarity  of  containing  a  large  quantity  of  silex  or  flint  in  their  cuticle ; 
80  much  so,  &at  the  Squisetum  hyemale  and  other  genera  are  used  in  Hie  poHshing  of 
metals  and  fturutare. 

The  Urn  Mosses  are  small,  terrestrial,  or  aquatic  plants,  with  an  axis  of  growth 
and  minute  imbrocated  leaves,  and  differ  from  all  other  Mosses  in  the  structure  of 
their  two  Muds  of  reproductive  organs.  They  are  an  interesting  and  extensive  division 
of  the  family  of  Mosses,  and  are  more  commonly  found  in  temperate  than  in  tropical 
cKmes.  Wherever  there  is  moisture,  even  if.  soil  be  almost  absent,  they  will  grow, 
and  they  are  the  first  to  cover  a  barren  coast,  as  they  are  the  last  to  linger  when  the 
atmosphere  ceases  to  be  capable  of  affording  nourishment  to  vegetation.  The  Sphagnum, 
Polytrichium,  and  almost  all  plants  vulgarly  known  as  Mosses,  belong  to  this  divisioiL 


The  highest  dirfaion  of  the  Cryptogams  is  that  known  as  Ferns  (Pilices),  a  division 
which,  in  the  degree  of  its  organization,  far  exceeds  that  of  any  yet  mentioned. 
Thef  consist  of  "  leafy  {Plants  producing  a  rhizome,  which  creeps  below  or  upon  the 
snifeoe  of  tJie  earth,  or  rises  into  the  air  like  the  trunk  of  a  tree."  'When  a  stem 
exists  it  is  usually  ample,  and  of  even  diameter  throughout,  and  bears  a  tuft  of  leaves 
on  its  apex,  after  the  fashion  of  Palms  and  ol^er  endogenous  plants,  and  is  composed  of 
eellular,  -woody,  and  scalari&rm  tissues.  The  reproductive  organs  are  spore  cases, 
arising  &gbl  the  veins  on  the  nnder  surface,  or  other  part  of  the  leaves ;  or  they  are 
sitiiate  beneath  the  cuticle,  which  they  thus  throw  up  in  the  form  of  an  indusium. 

This  class  is  divided  into  three  portions— the  Ophioglossus  or  Adder^s-tongues,  the 
Polypodiaoeae  or  true  Perns,  and  the  Danseaceee  or  Danseaunts ;  and  of  these  the  middle 
oooe,  or  th»t  ^  ^ue  Fems,  contains  nearly  the  whole  of  the  members  of  the  dass.  We 
regret  that  our  space  does  not  permit  us  to  enter  into  detail  into  this  beautiful,  varied, 
and  very  intteresting  tribe  of  plants ;  and  the  more  so,  that  at  the  present  moment  the 
Ferns  and  the  Orchis  have  attained  to  an  enviable  popularity. 

The  Adda*  S'tongw»  are  minute  plants,  closely  allied  to  the  Club  Mosses  {Ltfcopo^ 
diacea)^  with  a  hollow  pithless  stem,  containing  woody  fibre,  and  possessing  leaves  with 
netted  veins. 

Its  reproductive  organs  consist  of  spores  contained  within  spore-cases,  which  are 
arranged  on  a  spike  on  the  sides  of  a  contracted  leaf.  The  Danseacete,  on  tiie  other 
hand,  are  true  dorsiferous  Ferns,  with  rex^oductive  organs  sunk  within  or  seated  upon 
^  back  of  the  leaflets.  There  is  also,  as  in  the  Adder's-tongue,  an  absence  of  the 
elastic  ring,  which  is  indicative  of  tme  Ferns.  Soth  of  these  divisions  of  Ferns  are 
Tery  small,  containing  togetiier  only  nine  genera. 

The  true  Ferns  or  Polypodiacesd  (vaguely  designated  Filices)  are  distinguished  by 
the  presence,  on  the  spore-case,  of  a  ring  or  band  of  coarse  meshes  distinctly  different 
from  the  tissue  of  their  sides,  and  too  strong  to  be  broken  through,  when  the  case  opens 
to  discharge  its  Bpores.  A  few  genera  are  considered  edible,  as,  for  example,  the  Pteris 
esculenta,  Cyathtea  medullaris,  Diplazium  esculentum,  and  Gleiohenia  Hennanni.  The 
Java  Fern  is  also  nutritive,  whilst  the  Aspidium  fragrans  has  been  employed  as  a 
substitute  for  tea,  and  the  Pteris  Aquilina  and  Aspidium  Filix-mas  have  been  used  in 
flie  manufacture  of  beer.   The  genera  are  very  variously  distributed  over  the  face  of  the 
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earth,  and  in  different  localities  bear  yery  various  relations  to  the.total  genera  of  plants  ; 
but  it  is  certain  that  the  most  elegant,  as  well  as  the  most  lofty  specimens,  are  not  in- 
digenous to  our  islands.  Amongst  the  English  genera  we  find  the  Polypodium,  "Wood- 
sia,  Aspidium  or  Shield  Fern,  Cystea  or  Bladder  Fern,  Asplenium  or  Spleen  "Wort, 
Scolopendrium  or  Harf  s  Tongue,  Blechnum  or  Hard  Fern,  Pteris  or  Brake,  Adiantum 
or  Maidenhead,  Trichomanes,  Hymenophyllum,  and  Osmunda  or  Flowering  Fern. 

Before  quitting  the  Linnsean  arrangement,  it  may  be  advantageous  to  our  readers  if 
we  give  a  few  simple  directions  as  to  the  proper  mode  of  examining  a  plant  under  this 
system. 

The  first  aim  of  the  botanist  will  be  to  determine  the  class  and  order  in  which 
the  plant  under  examination  is  arranged.  He  will,  therefore,  at  once  direct  his  atten- 
tion to  the  flower  (if  [the  "plant  do  not  belong  to  the  last  order,  or  that'of  Crjrptogamia), 
and  see  if  both  stamens  and  pistils  are  present  together.  If  he  find  such  to  be  the  case, 
the  plant  is  bisexual ;  but  since,  in  the  twenty-third  class,  or  that  of  Polygamia,  both 
imisexual  and  bisexual  flowers  exist  on  the  same  plant,  he  will  glance  at  other  flowers 
on  the  same  stem,  and  ascertain  if  such  be  the  case  on  the  plant  in  question.  If  all  the 
flowers  are  bisexual,  he  will  then  attend  to  the  number,  length,  and  position  of  the 
stamens,  which,  in  a  majority  of  instances,  will  at  once  direct  him  to  the  class  sought 
for.  Thus,  if  there  be  two  long  and  two  short  stamens  in  all  the  flowers,  the  plant  is 
Didynamous  \  and  if  there  be  four  long  and  two  short  stamens  universally,  he  will 
refer  it  to  Tetradynamia.  He  must  not,  l^owever,  expect  that  in  any  plant  all  the  stamens 
shall  be  of  precisely  equal  length ;  but  although  such  be  the  case,  this  will  constitute 
no  important  source  of  fallacy,  since  half-a-dozen  examinations  of  the  stamens  of  a 
Didynamous  and  a  Tetradynamous  plant  would  enable  him  to  perceive  that  the  diversity 
in  length  is  not  an  accidental  circumstance,  but  one  which,  from  its  constancy  and 
relative  proportions,  is  very  characteristic.  Let  him  select  the  common  Mint  or  Fox- 
glove, as  an  example  of  Didynamia,  and  the  Mustard  or  Water-cress  as  an  illustration 
of  Tetradynamia. 

This  point  having  been  passed,  and  having  found  that  all  the  stamens  are  of  nearly 
equal  length,  he  will  next  ascertain  if  they  are  separate  from  each  other  down  to  their 
point  of  insertion.  We  will  first  suppose  that  their  foot-stalks  or  filaments  are  connected 
together  through  a  distance  more  or  less  great,  but  yet  so  restricted  that  the  anthers 
are  free ;  the  plant  will  belong  to  one  of  the  three  classes — Monodelphia,  Diadelphia, 
or  Polydelphia.  He  will  next  seek  to  determine  if  they  form  one  set,  or  two  or  more 
sets.  To  this  end,  he  should  take  away  the  corolla,  and  any  other  parts  which  may 
interfere  with  a  due  inspection  of  the  base  of  the  stamens ;  and  then  with  the  fingers 
try  if  any  part  of  the  mass  of  stamens  will  come  away  naturally,  as  it  were,  from  other 
parts.  Thus  the  Hypericum,  or  St.  John's-wort,  possesses  a  large  number  of  stamens, 
which,  on  being  gently  pulled  asunder  at  their  bases,  are  readily  detached  in  three  or 
four  masses ;  the  stamens  in  each  mass  being  still  adherent,  and  each  mass  attached  to 
its  neighbour  simply  by  the  cohesion  of  apposition.  Such  a  plant,  then,  belongs  to  the 
order  Polydelphia.  Again,  the  Pea,  Bean,  or  Vetch  presents  the  stamens  arranged 
precisely  as  exhibited  in  Figs.  221  and  351,  except  that  the .  single  stamen  is  not 
so  much  detached  from  the  mass  as  represented  in  these  drawings ;  and  by  examining 
the  concavity  of  the  mass  of  stamens  with  the  finger-nail,  or  any  pointed  instrument, 
the  odd  stamen  will  be  discovered  lying  close  to  the  mass,  but  not  connected  with  it. 
This  indicates  the  class  Diadelphia.    This  class  of  plants  has  almost  universally  the 
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papilionaceous  form  of  corolla,  which,  oa  being  appreciated,  will,  in  the  great  majority 
of  inatances,  alone  suffice  to  indicate  the  dass.  Lastly,  when  the  stamens  are  united 
together  by  their  filaments,  as  aboye  indicated,  but  cannot  be  divided  into  distinct 
bodies,  as  in  the  Geranium  and  Mallow,  the  plant  is  Monodelphous, 

There  may;  perhaps,  be  some  little  difficulty  to  the  young  botanist  in  determining 
whether  plants  belonging  to  the  Monodelphian  and  Polydelphian  classes  haye  really 
their  filaments  so  united ;  but  a  yery  little  attention  and  practice  will  show  that  the 
filaments  are  not  separate  on  both  sides  down  to  their  base,  and,  moreoyer,  the 
characteristic  appearance  of  the  stamens  ^s  a  whole  will  soon  be  appreciated  by  the 
student. 

If  the  filaments  be  free,  but  the  stamens  united  together,  the  plant  will  belong  to 
the  order  Syngenesia ;  but  as  all  this  great  class  of  plants  haye  aggregated  florets  placed 
as  a  capitnliun  (Figs.  354,  355),  their  appearance  is  so  characteristic,  that,  after  a  yery 
short  space  of  time,  the  student  will  not  need  to  examine  the  stamens  to  determine  the 
classification  of  the  plant. 

The  only  other  exceptional  class  is  that  of  Gynandria ;  and  it  is  not  one' which  can 
be  yery  intelligibly  described  upon  paper.  It  is  composed  of  the  Orchis  tribe  of  plants, 
and  those  closely  associated  with  it ;  and  if  the  student  will  regard  attentiyely  the 
combined  stamens  and  pistils,  and  the  toute  ensemble  of  the  flower  of  any  Orchis,  as  of 
those  growing  in  our  moist  meadows,  or  those  now  uniyersally  foimd  in  hot-houses,  he 
will  speedily  learn  how  to  distinguish  this  class  in  an  instant,  without,  howeyer,  being 
80  readily  able  to  explain  it  to  another. 

We  haye  considered  the  foregoing  exceptional  cases  first,  not  because  they  are  the 
most  nuinerous  in  the  great  assemblage  of  plants,  but  because  they  haye  readily 
recognised  characteristic  peculiarities,  and  because,  haying  excluded  them  from  con- 
sideration, the  student  may  giye  undiyided  attention  to  the  greater  number  which  yet 
remain.  If  the  stamens  are  free  frt)m  each  other  throughout,  and  are  nearly  of  equal 
size  (difiTering  somewhat  according  to  the  progressiye  deyelopm'ent  of  the  season),  and 
are  not  more  than  ten  in  number,  the  plant  may  be  at  once  referred  to  its  proper  class, 
as  Honandria,  &c. ;  but  if  the  number  should  be  indefinite — say  fifteen,  or  any  larger 
nmnber—the  plant  may  be  either  Icosandrous  or  Polyandrous.  To  determine  to  which 
of  the  two  classes  it  is  to  be  referred,  simply  tear  away  the  corolla  and  calyx  piece  by 
piece ;  and  if  the  stamens  come  away  with  the  pieces — as  would  be  the  case  in  the 
Bose,  Hawthorn,  and  Apple — ^the  plant  is  Icosandrous.  This  indicates  that  the  stamens 
are  Epigynous ;  whilst  the  Hypogynous  mode  of  insertion  is  characteristic  of  the  class 
Polyandria.  The  Rose  may  illustrate  Icosandria,  and  the  Crow-foot  (Kanunculus) 
Polyandria. 

The  small  class  of  Bodecandria  is  not  so  easily  recognised  by  its  stamens,  since  the 
number  is  considerable,  but  somewhat  indefinite. 

The  foregoing  directions  will  suffice  as  a  guide  to  the  student,  except  in  the  com- 
paratiyely  few  instances  in  which  the  number  of  stamens  has  been  unduly  increased  or 
diminished.  The  increase  is  less  common  than  the  decrease ;  and  is  chiefly  restricted 
to  the  classes  Triandria  and  Pentandria,  or  all  the  classes  below  Pentandria,  and  is 
uoally  to  the  extent  of  a  duplicate  of  the  original  number.  Thus  a  Triandrous  plant 
occasionally  has  six  stamens,  and  a  Pentandrous  one  has  ten  stamens.  This  little  diffi- 
culty is  oyercome  by  examining  other  flowers  on  the  same  plant,  or  on  a  similar  plant 
growing  njear  to  it,  when  the  normal  number  of  stamens  will  be  found  on  a  majority  of 
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When  there  is  a  deoreade  in  the  number  of  fitamens,  it  is  usually  acoompazued  l)y  a 
correspondmg  and  equal  incfease  in  ^e  number  of  the  petals,  and  is  for  the  most  pait 
restrieted  to  the  twu  classes  leosandria  and  Polyandiia.  If  in  -either  of  these  oases  the 
petals  are  more  than  Sr^  in  niimber,  it  may  be  infeored  that  the  innermost  rows  have 
been  produced  at  the  expense  of  the  outermost  rows  of  stamens.  This,  hawever, 
constitutes  no  sort  of  difficulty,  since  a  sufficientiy  large  number  of  Eltsunens  remain  to 
enable  the  student  to  dcrtermine  the  class,  except  in  the  case  of  cultiTated  ^plants,  when 
the  Wliole  of  the  stomens  may  have  been  converted  into  petals,  as  in  the  perfect  Bose 
(Pig.  207).  We  therefore  adTise  the  beginner  to  avoid  til  garden  flowers,  and  examine 
only  those  which  are  met  with  in  their  wild  and  uncultivated  state. 

The  classes  M onosoia  and  Dioeica  are  not  bo  readily  discovered  by  a  refetience  to  the 
stamens  of  the  flower,  since  for  the  most  part  the  flowers  are  small,  and  without  gay 
colours,  and  the  stamens  are  indistinct.  He  will  flrst  strive  to  ascertain  if  the  flower 
under  examination  has  Stamens  or  pistils  (since  it  is  unisexual),  and  will  And  that  the 
pistils  occupy  a  central  position,  and  have  an  expanded  base  or  ovary,  whilst  the  stamens 
are  usually  arranged  in  a  circle,  leaving  a  central  vacuity,  and  are  surmonnted  by  a 
swollen  part  or  cuither.  This  is  not  at  all  times  an  easy  diagnosis  in  practice ;  but  it 
will  aid  tlie  student  to  remember  that,  for  the  most  part,  the  members  of  these  classes 
are  large  wuoded  treds.  The!Fe  are  many  exceptions  to  this  rule,  as  in  the  cases  of  the 
Stinging  Nettle  and  the  Sedges;  but  the  exceptions  are  perhaps  less  diffioult  of 
diagnosis  than  the  members  which  may  constitute  the  rule. 

Having  thus  discovered  the  Glass  to  which  the  plant  belongs,  he  will  next  seek  the 
Order ;  dnd  to  this  end  wiU  chiefly  regard  the  pistils.  This  will  apply  perfiectly  to  all 
plants  having  the  stamens  separate  from  each  ot^er,  and  of  equal  size ;  and  in  such 
cases  it  suffices  to  count  the  number  of  pistils  only.  The  orders  of  the  first  fourteen 
classes  are  determinable  in  this  <^ffy ;  but  beyond  t&ese,  the  pistil  is  not  t^garded  ia 
determining  the  class.  If,  therefoi^,  the  plant  belong  to  the  c^s  Polyandria,  or  any 
other  preceding  class,  simply  count  the  number  of  pistils  in  Order  to  find  the  order ; 
but  if  it  be  BidynamouB,  or  Tetmdynamous,  the  student  must  notice  the  character  of 
the  seed-vessel  or  pod.  Thus,  wh^i  a  Didyaamous  plant  has  an  evident  more  or  less 
conical  ovarium,  as  in  the  Digitalis  and  Scrophulaxia,  the  order  is  Angiospermia ;  but 
if,  after  tearing  away  the  coroUa,  he  look  deeply  to  the  bottom  of  the  calyx,  and  find  a 
flattened  ovarium  with  one  or  two  transverse  lines  on  its  surface,  indicating  a  division 
of  the  ovarium  into  two  or  four  parts,  as  in  the  Mint,  the  plant  belongs  to  the  order 
Ghymnospermia.  The  diagnosis  of  tiie  two  orders  in  Tetradynamia  is  somewbat  more 
arbitrary ;  for  it  depends  eomply  upon  t&e  size  of  the  pod.  A  long  pod,  as  of  the  Pea, 
indicates  the  order  Siliquosa ;  and  a  short,  and  for  the  most  part  a  comparatively  broad 
one,  marks  the  order  Siliculosa. 

The  orders  found  in  the  classes  Monodelphia,  BiadelpMa,  and  Polydel^hia,  and  also 
G^ynandria,  Monoeeia,  and  Bieecia,  are  det^fmined  by  counting  the  number  of  the 
stamens ;  whilst  ih6de  of  Polygamia  aix)  simply  Moncecia  or  Bioacia.  The  numerous 
class  Syngenesia  is  divided  into  orders  tnthout  exclusive  tefeuBnoe  to  ite  stamens 
or  pistils,  but  simply  by  the  aitangement  Of  the  florets  updn  the  oai^itulum.  Thus,  in 
die  order  Polygamia  ^qualis,  all  the  florets  are  e(|ual,  and  all  possess  both  stamens  and 
pistils ;  whilst  the  term  Superflua indicates  that  the  florets-are  divided  into  those  of  the 
ray  and  of  the  disk,  and  that  the  former  have  pistils  only.  In  the  third  order,  er  that 
of  ^rustranea,  the  florets  of  the  ray  are  destitute  of  both  stamens  and  pistils. 

Thus  we  have  not  been  able  to  give  such  directions  as  shaU  enable  the  student  to 
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detarmine  the  order  of  -a  plant  without  bAving  firgt  di«co-Yered  ihe  claes  ia  wluoh  it 
ought  to  be  j^laced;  for  such  was  not  the  intention  of  Jjinnaaus  wh^i  he  founded  ius 
arrangement.  He  will,  therefore,  fisst  £ind  (the  class  «nd  then  the  order ;  ,bnt>  in  the 
great  jnajority  of  instances,  both  will  be  perceived  by  .the  same  glance* 

But  both  the  class  -and  the  order  are  alike  dependent  upon  the  presence  of  a  flower ; 
and  therefore  it  will  be  in  yain  for  the  inexperienced  student  to  attempt  to  discover 
then^  ezeept  at  the  proper  season  of  the  year,  when  the  plant  is  in  flower,  and  whilst 
the  flower  remains  perfect. 

These  two  preliminary  circumstances  are  usually  got  over  without  any  difficulty ; 
but  the  next  stages  in  the  investigation  rci^uire  a  far  wider  range  of  obaermtiim.  It 
is  ZL  ow  necessary  to.  examine,  more  or  less  minutely,  every  part  of  the  plant.  Thus 
its  height,  and  the  mze  and  form  of  its  £tem  and  root,  must  be  noticed,  distinguishing 
betfw^en  herbaceous  or  annual  plants  and  woody,  or  those  which  are  more  or  less  perennial. 
If  the  plant  be  herbaceous,  it  is  necessary  to  ascertain  if  the  stem.be  hollow,  and  if  it 
have  any  flutings  or  other  markings  upon  its  external  surface ;  esoA.  in  all  cases  it  is' 
requisite  to  glance  hastily  at  the  general  arrangement  of  the  leaves  upon,  the  stem  or 
plant,  rin  refer^aceto  the  root  of  herbaceous  plants,  it  may  further  be  observed  that 
its  formrmnst  be  noticed— iJbat  is,  as  to  whether  it  is  tuberoiis  or  .flbiaus,  or  presmorse, 
or  any  other  of  the  forms  previously  indicated. 

The  .leaves  and  the  parts  coustitutiag  the  flower  are,  however,  those  parts  from 
which  the  distLnguishiag  features  of  plants  are  usually  drawn. 

The  form  of  the  leaf  is  a  prime  consideration ;  and  the  student  must  notice  if  it  is 
round,  oval, -pointed,  or  otherwise,  and  if  equally  so  on. each  side  of  the  midrib,  and 
also  whether  its  edge  is  entire. or  divided  in  various  ways.  The  size,  thiekness,  and 
coloiir  should  be  regarded,  and  also  the  character  of  its  surface,  as  to  whether  it  is 
smooth  or  rough,  and  if  the  hairs  are  distributed  evenly  over  the  two  suifaees,  or  only 
over  one  or  o^r  a  part  of  one ;  and  also  the  precise  characters  of  the  hai^i,  as  to  whether 
they  are  like  bristles  or  down,  or  otherwise.  Lastly,  its  venation  demands  attention 
in  order  to  show  if  the  plant  be  an  exogen,  as  indicated  by  the  reticulated  venation,  or 
an  endogen,  as  shown  by  its  parallel  veins.  The  petiole,  in  like  manner,  must  be  ex- 
amioed,  and  afterwards  the  inquiry  made  if  the  leaf  is  caducous  or  pennanent,  and 
if  it  altogether  falls  off  the  stem  or  withers  upon  it,  as  is  the  case  in  ^etnduvutte  con- 
dition refeired  to  in  its  proper  place.  The  }>oint8  in  which  leaves  differ  i^xmi  from  each 
other  are  wonderfully  numerous,  probably  extending  to  «ome  hundreds ;  and  all  of  these 
are  made  use  of  in  describing  the  characters  of  plants.    Most  of  them  aie  happily 

•  recognisable  by  the  very  t^pt  terms  with  which  this  science,  above  all  others,  has  been 
suj^lied ;  so  that  any  inespeiaencedstujient;,  with  a  descriptive  manual  in  his  hand, 
would  scarcely  faO.  to  imderstand  the  terms  which  are  employed  to  liable  him  to  refer 
any  plant  to  its:  proper  |dace. 

I        Tke^  flower  is,  as  we  have  already  shown,  a  compound  organ,  and  offers  a.  great  many 

•  objeets  to  the  student's  attention.  First,  regard  the  general  axrangem^nt  «f  theflowero 
upon  the  plant,  and  inquire  if  they  are  placed  in  the  axils  of  leaves  (axillary)  or  other- 

I  wiBe,^aBd  if  they  tenninate-a  branch  rend^nng  it  vUUrminate^  Then.somBwhat  restrict 
I  the  sange  of  observation,  and  notice  that  mxangemont  of  the  flowers  upon  the  stem 
which  eonstitutes  the  inflorescence) :  and  afterwards  proeeed  to  oonsider  an  individual 
lower,  resgaifding  the  envelopes  from  wiiheut  inwards.  The  eidyx  and  ooniUa  may  both 
:  be  monosepaloua  <x  pdlyaepalous*  If  they  are  monosepalous,  the  foimmust  be  noticed  as 
.   to  whether  it  is  rotate  or  beU-ahaped,  or  otherwise,  and  its  JEree  b(»rder  inspected,  to  aacer- 
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tain  if  it  is  entire  or  yariously  divided ;  and  if  divided,  the  ^gore,  numl)er,  and  deptli 
of  its  divisions  will  reqnire  attention.  When  a  tube  exists,  as  is  common  in  mono- 
petalons  corollas,  its  length,  width,  and  general  proportions  mnst  he  observed,  and 
also  any  hairs  or  other  organs  which  may  defend  the  entrance  into  it.  When  these 
envelopes'are  polypetalous,  the  same  degree  of  attention  must  be  given  to  each  sepal 
and  petal  as  above  directed  with  regard  to  the  leaves,  except  that  these  organs  are 
usually  of  more  delicate  organization  than  leaves.  But  whether  they  consist  of  one  or 
of  many  pieces,  it  will  be  equally  necessary  to  notice  their  texture,  colour,  and  relative 
length  (that  is,  whether  the  corolla  is  longer  or  shorter  than  the  calyx),  and  whether 
either  or  both  are  caducous  or  permanent ;  and,  if  caducous,  to  ascertain  whether  it  falls 
early,  and  in  one  or  in  many  pieces.  Should  there  be  any  appendages  to  these  parts — 
as  tiie  corona  of  the  Narcissus,  or  the  nectarium  of  the  Ranunculus— they  must  be 
carefully  noticed  and  examined.  It  will  further  be  proper  to  notice  the  relations  which 
these  parts  are  said  to  bear  to  the  ovary, — ^that  is,  as  to  whether  Ihey  are  superior  or 
inferior ;  and  also  their  relation  with  the  stamens,  as  to  whether  those  latter  organs  are 
attached  to  them  or  not. 

In  these  directions  we  have  already  referred,  to  some  extent,  to  the  stamens  and 
pistils ;  but  further  detail  is  now  necessary.  Thus,  in  reference  to  both,  the  presence  or 
absence  of  the  foot-stalk  (filament  and  style)  must  be  determined ;  and  if  it  be  present, 
its  length,  figure,  and  colour  should  be  observed.  In  but  few  instances  is  it  coloured ; 
but  in  many  the  figure  is  not  uniformly  cylindrical,  but  tapering  upwards,  or  awl- 
shaped  ;  and  in  some  instances  it  assumes  a  foliaceous  character. 

The  anther  demands  minute  attention,  in  order  to  show  the  mode  of  its  attachment 
to  the  filament,  its  figure,  and  the  number  of  the  cells  into  which  it  is  divided.  The 
pollen  seldom  calls  for  examination  imder  the  Linnsean  system  of  classification ;  but  if 
the  examination  be  made  at  a  period  when  the  pollen  is  ripe,  and  lying  loose  upon  tbe 
anther  and  other  parts  of  the  flower,  there  can  be  no  difficulty  in  ascertaining  its  colour, 
size,  and  general  configuration.  Its  minute  anatomy  is  a  subject  of  great  difficulty, 
and  one  into  the  consideration  of  which  it  is  not  needful  that  the  inexperienced  student 
should  enter.  ... 

The  style  offers  perhaps  fewer  points  for  obsanration  than  the  anther,  since  its 
structure  is  more  simple.  It  will  be  proper  first  to  notice  its  divisions,  and  the  mode 
in  which  those  divisions,  if  any,  are  arranged ;  and  then  to  observe  carefully  its  general 
configuration,  and  the  precise  nature  of  the  exposed  free  surface  upon  which  the  pollen 
is  destined  to  fall.  Its  internal  anatomy,  or  that  of  its  conducting  tissue,  is  not  of 
importance  to  this  part  of  our  subject.  The  ovary  must  be  minutely  examined;  and  in 
order  to  do  that  it  will  be  needful  to  cut  it  through  transversely,  and  then  ascertain  the 
number  of  the  eells  of  .which  it  is  composed,  and  that  of  the  seeds  lying  within  each. 
cell.  It  is  not  uncommon  to  find  fewer  seeds  than  cells,  owing  to  abortion,  and  that 
also  must  be  ascertained.  The  external  configuration  of  that  organ  will,  of  course,  call 
for  attention,  and  also  any  bodies  which  are  sometimes  met  with,  as  the  disk  at  or  near 
■  to  its  base. 

The  seed  is  to  be  observed  chiefiy  on  account  of  its  external  configuration,  and  its 
number  in  relation  to  the  c^s  in  which  it  lies.  The  Linnsaan  arrangement  calls  but 
little  for  any  account  of  its  internal  anatomy ;  and,  with  the  exception  of  the  number 
and  general  nature  of  its  Cotyledons,  and  some  slight  reference  to  the  albumen,  it  will 
not  be  necessary  for  the  student  to  regard  it.  The  fhiit  must  be  noticed  in  a  general 
manner — that  is,  as  to  whether  it  is  succulent  or  otherwise ;  and  the  names  which  ha^e 
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been  refened  to  when  oonsldermg  that  organ,  as  well  as  those  of  more  popular  employ- 
meat,  Gommitted  to  memory. 

AU  the  foregoing  particulars  are  not  necessary  to  enable  the  student  to  determine 
the  gemu  of  any  plant,  since  the  characteristic  of  a  genus  is,  that  it  possesses  only 
certain  (perhaps  but  few)  features  which  are  common  to  a  number  of  other  most 
dosely  allied  plants,  which  are  thence  termed  apeciea.  fiut  if  any  number  of  plants, 
say  ten,'  agree  in  certain  features,  so  that  they  may  be  associated  under  one  head,  each 
of  these  will  differ  from  the  others  in  features  of  greater  minuteness ;  and,  consequently, 
a  more  minute  acquaintance  with  all  the  parts  of  a  plant  is  more  necessary  to  determine 
the  species.than  the  genus. 

In  order  practically  to  apply  these  directions,  we  will  giye  one  or  two  familiar 
examples,  by  way  of  illustration.  Let  us  first  examine  the  Myosotis,  or  Forget-me-not. 
This  plant  will  be  found  to  have  five  stamens  and  one  pistil,  and  consequently  is  at 
once  referable  to  the  class  Pentandria,  and  order  Monogynia.  Haying  referred  to  any 
synopsis  of  the  linnsean  arrangement,  the  student  will  find  no  fewer  than  forty  genera 
described  under  Pentandria  Monogynia,  and  therefore  will  need  further  character- 
istics, in  order  to  preyent  the  necessity  of  compacing.this  plant  with  the  descriptions  of 
all  these  genera.  This  is  effected  by  noticing  that  a  certain  number  of  these  genera 
haye  an  inferior  monopetalous  corolla,  and  two  or  four  naked  seeds ;  and  on  referriug 
to  the  Myosotis  he  will  find  that  such  is  the  case,  with  that  plant  also.  This,  then, 
limits  his  inyestigation  to  ten  genera,  and  it  will  be  his  duty  to  read  the  description  of 
each,  beginning  with  the  first,  until  he  finds  that  one  with  which  the  plant  in  question 
corresponds.  ■,  The  followiag  are  the  characters  of  the  genus  Myosotis : — 

"  Calyx  inferior,  of  one  leaf,  deeply  fiye  deft ;  segments  acute,  equal.  Corolla  of 
one  petal,  salyer-shaped ;  mouth  half  dosed,  with  fiye  small  yalyes.  Filaments  yery 
short ;  anthers  small,  oblong.  Oyar^,  four.  Style,  thread-shaped,  central,  as  long  as 
the  tube  ;  stigma  obtuse.    Seeds  egg-shaped,  pointed,  smooth." 

This  description  haying  been  found  to  correspond  with  the  plant  under  examination, 
the  next  step  will  be  to  determine  the  precise  species.  The  student  will  now  find  that 
there  are  seyen'  species.desciibed  under  that  geinus,  and  it  will  be  his  duty  to  compare  his 
plant  with  the  first,  and  all  others,  imtil  he  finds  the  one  with  which  it  corresponds. 
Thia  will  probably  be  far  less  tedious  than  it  at  first  sight  appears,  since,  immediately 
he  discoyers  in  the  description  of  any  of  the  spedes  any  feature  which  differs  clearly 
from  the  specimen  in  his  hand,  he  will  not  continue  the  comparison,  but  at  once  pro- 
ceed to  the  description  of  the  next  spedes.  In  this  way  it  is  possible  to  examine  a 
dozen  species  in  three  or  four  minutes.  Haying,  howeyer,  noticed  that  the  description 
of  the  genus  and  species  Myosotis  paiustris  corresponds  with  his  plant,  he  has  then 
discovered  that  which  he  had  been  seeking  for-^i'i«.,the  dass,  order,  genus,  and  species. 
The  characters  of  the  species  are  thus  described : — 

"  Calyx  i^ninel-shaped,  with  short  broad  segments ;  leayes  oblong,  rougMsh,  with 
close-pressed  bristles,  root  creeping.  Boots  yery  long,  creeping ;  stem  from  six  to 
twdye  inches  high ;  dusters  many-fiowered ;  two  or  three  together ;  limb  of  the 
eorolla  sky  blue,  the  yalyes  of  the  mouth  yellow.  Perennial ;  flowers  in  June  and 
July ;  grows  in  marshy  places  and  ditches  :  common." 

.  The  student  will  thus  be  able  readily  to  appreciate!  the  different  degrees  of  minuteness 
needful  to  the  detormination  of  a  genus  and  a  species ;  he  will  obserye  that  the  diffi- 
culty of  determining  the  genus  and  species  is  usually  in  proportion  to  the  number  of 
genera  found  in  the  same  class  and  order,  and  of  species  imder  the  same  genus. 
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We  will  now  take  a  raose  difficult  illiutratiQii — viz,,  that  of  the  Stinging  Nettle 
(Urttca).  We  first  notice  that  the  flower  is  deficient  in  stamens  or  pistils,  and  thence 
that  it  is  not  latexual,  We  then  fflracmine  other  flowers,  and  ascertain  that  this  is  not 
a  mei»  coinddenoe,  but  is  nniyersal  ;and,  further,  tiiat  all  the  flowers  are  unisexual, 
and  that  on  the  same  tsee  there  are  flowers  only  male,  and  others  only  female.  Thus 
we  refer  the  plant  to  the  class  Momgcia,  We  now  select  a  male  flower— that  is,  one 
having  stamens  only ;  and  finding  Ihat  tiiere  are  four  stamens,  wo  tb&st  the  plant  to  the 
order  Tetrandria.  In  this  order  there  aro  but  five  genera,  and  of  these  one  is  a  tree— 
the  Aldesr<-^and  aaiother  is  the  common  Bok  (Btueus),  with  both  of  which  the  student 
will  be  familiar,  and  know  at  once  that  they  cannot  refer  to  the  plant  in  qnestian. 
Moreover,  two  others^  lAHoreUef  and  Erweauiony  are  found^  by  the  desoription  of  their 
solituy  genus,  to  grow  in  hikes  and  marshy  plaees ;  and  as  his  plant  grew  on  a  bank,  or 
on  some  waste  dry  land,  he  may  exclude  them,  and  thus  And  Hiat  he  is  referred  to  the 
only  remaining  genus,  that  of  Urtica.  This  careless  mode  of  exdusson  will  not,  how- 
ever, suffice  beyond  the  point  of  diioecting.  immediate  attention  to  the  remaining  genus, 
and  therefore  he  will  at  once  proceed  to  compare  the  des^ption  of  the  Urtioa  with  the 
characters  of  the  plant  in  his  hand.  The  following  description  will  suffice  to  indicate 
the  genus  Urtica  :-- 

'^  Barren  {or  maie)  Jhwer,  Calyx  of  four  roundish,'  concave,  equal  leaves.  Petals 
none.  Ifectary  central,  cup^haped.  Filaments  four,  awl*shaped,  spreading,  as  long 
as  the  calyx;  anthen  noundish,  two4obed.-^iI}r^'&  {or  famale)Jbw&r,  Calyx  inferior, 
of  two  roundish  equal  leaves.  Corolla  none.  Ovary  eggi-shaped.  Style  none.  Stigma 
downy.  Seed  one,  naked,  eggnahaped,  somewhat  compressed,  polished,  embraced  by 
the  permanent  calyx." 

The  term  nectary  is  here  used  in  the  indeflnite  sense  in  which  linnesus  employed 
it,  when  he  assembled  very  various  structures,  sitiHite  at  or  about  the  base  of  the  avaiy, 
under  that  appellation,  and  in  tiie  sense  in  which  it  is  stLQ  used  by  systematic  works 
on  classifioati)on«  it  is  not  tiia  true  nectary  found  upon  the*  short  daw  of  the  petal  of 
the  Kammottlus,  since  the  Urtica  haa  no  petak. 

The  datennination  of  the  speclesr  i»not  difficult,  since  tiiere  are  but  three  spedes  of 
Uitica,  all  of  which  have  venomous  stinging  or  secreting  hairs,  and  opposite  leaves, 
and  the  distingaidiiDg  fbatoares  are  referred  to  only  two  or  three  points.  Thus  we 
wiUrappose  l^at  tihe  plant  under  ^wmination  is  the  small  !N^etde,.  or  Wrtica  urenSf  and 
l^iat  iJie  following  desoription  will  iodicate  its*  characters  :-^ 

"  Leaves  opposite,  broadly  eUiptioal,  with  about  five  longitudinal  ribs ;  dusters 
simple.  From  one  to  two  feet  high ;  bright  green^  widi  venomous  stings.  Annual ; 
flowers  fifom  Jtme  to  October ;  grows  on  eulti'^wtod  ground  and  waste  places." 

Having  given  these  two  xllustsation»^  we  think  that  the  attentive  student  will  find 
no  difficulty  in  proceeding  with  the  exandnation  and  dassification  of  plants  ;  but  we 
think  it  needftd  to  append  one  caution.  Do  not  be  discouraged  if  you  h&va  difficulty 
in  refsrring  an  ux&nown  plant  to  ite  proper  place  amongst  the  genera  and  species ;  but 
having  given  due  attention  and  failed,  It^  the  plant  aside,  or  invite  the  asssstanoe  ef 
some  one  w^  may  have  made  further  progress  in;  the  science.  There  is  no  royal  road 
to  learning,  and  the  first  steps  will  evor  be  toilsome  and  difficult ;  but,  aa  the  student 
proceeds,  he  will  find  that  the  diffioulties  gradually  and  insensibly  recede,  until,  in  a 
short  time,  he  wonders  that  he  ever  regarded  them!  for  a  moment.  Do  not  at  first 
&tigae  the  mind,  and  discourage  the  spirits ;  but  be  assuiKd  tibat  yoo,  like  othexs,  will 
overcome  them. 
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NATUEAL  SYSTEM  OF  PLANTS. 


The  Natural  System  of  Hants  differs  from  the  artificial  system  now  detailed ;  fbr 
it  takes  into  aeconnt  the  whole  organization  of  the  plant,  with  its  habits  and  properties, 
and  is  not  restricted  to  one  or  two  particular  features.  The  contrast  of  the  two  plans  of 
classification  is  thu3  concisely  stated  by  the  author  of  the  "  Vegetable  Kingdom  :*' — "The 
natural  system  of  Botany  being  founded  on  these  principles,  that  all  points  of  resem- 
blance, between  the  yarious  parts,  properties,  and  qualities  of  plants,  shall  he  taken  into 
consideration ;  that  thence  an  arrangement  shall  be  deduced  in  which  plants  must  be 
placed  next  each  other,  which  have  the  greatest  degree  of  similarity  in  those  respects ; 
and  that,  consequently,  the  quality  of  an  imperfectly-known  plant  may  be  judged  of 
by  that  of  another  which  is  well  known.  It  must  be  obvious  that  such  a  method 
possesses  great  superiority  over  artificial  systems,  like  that  of  Linnaeus',  in  which  there 
is  no  combination  of  ideas,  but  which  are  mere  collections  of  isolated  fkcts,  having  no 
£8tinct  relation  to  each  other.  The  advantages  of  the  natural  system,  in  applying 
botany  to  useM  purposes,  are  immense,  especially  to  medical  men,  who  depend  so  much 
upon  the  vegetable  kingdom  for  their  remedial*  agents.  A  knowledge  of  the  properties 
of  one  plant  enables  the  practitioner  to  judge  scientifically  of  the  qualities  of  other 
plants  naturally  allied  to  it ;  and  therefore  the  physician,  acquainted  with  the  natural 
system  of  botany,  may  direct  his  inquiries  when  on  foreign  stations,  not  empirically, 
bn|;  upon  fixed  principles,  into  the  qualities  of  the  medicinal  plants  which  have  been 
provided  in  every  region  for  the  alleviation  of  the  maladies  peculiar  to  it.  He  is  thus 
enabled  to  read  l^e  hidden  characters  with  which  nature  has  labelled  all  the  hosts  of 
species  that  spring  from  her  teeming  bosom." — ^We  do  not  need  therefore  to  hesitate 
when  we  confidently  recommend  this  plan  of  classification  in  preference  to  the  simple 
one  already  given. 

As  the  component  parts  of  a  plant  are  very  various,  and  their  relative  importance  is 
somewhat  a  matter  of  opinion,  and,  moreover,~as  plants  resemble  and  differ  from  each 
other  in.  so  many  and  minute  particulars,— it  is  no  matter  for  wonder  that  various  natural 
systems  have  been  devised.  Indeed  it  is  not  possible  for  any  ten  of  the  most  learned  men 
existing  to  prepare  each  an  original  scheme,  independent  of  each  other,  without  pro- 
ducing ten  systems  instead  of  one  system  of  classification.  There  have  been  already  about 
thirty  distinct  syst^ns  (many  of  which,  however,  were  simply  modifications  of  one  or 
more  preceding) ;  and  it  is  probable  that  the  best  one,  at  the  present  moment,  is  so  imper- 
fect that  it  must  be  amended  yearly.  The  great  Linnssus  himself  gave  the  outline  of  a 
natural  system,  in  which  he  arranged  aU  the  then  known  plants  imder  sixty-eight 
heads ;  but  he  attached  little  importance  to  it.  Since  his  day  several  others  have 
^»peared,  which  were  original,  and  which  have  had  great  influence  in  the  world.  The 
first  is  that  of  Adrien  de  Jiuaien,  who,  in  1789,  published  an  admirable  system  on  the 
outlines  given  by  our  great  countryman  Bay,  in  1703 ;  and  to  this  day  De  Jussieu's 
system  is  held  in  high  estimation.  The  next  great  writer  on  classification  was  A.  P. 
de  Candolle,  and  he  compiled  one  hundred  and  sixty-one  natural  orders  out  of  the 
ihiee  great  divisions  of  plants,-^Dieotyledon0,  Monocotyledons,  andAcotyledons,  before 
described.    These  two  f^stems  havo  been  the  foundation  of  all  those  of  more  modem 
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date,  including  those  of  Endlicher,  who  was  De  Jussieu's  great  successor,  Brogniart, 
and  Lindley. 

The  difficulty,  at  the  present  day,  is  to  make  a  good  selection,  and  more  paiticnlarly 
in  a  work  of  this  nature,  which  is  to  be  the  handbook  of  botany  to  so  many  thousands 
of  readers— both  scientific  and  non-scientific.  Our  aim  must  be  to  obtain  that  which, 
with  simplicity,  will  give  the  most  recent  and  the  most  valuable  information.  On 
careful  consideration  we  are  of  opinion  that  we  shall  be  doing  an  injustice  to  our 
readers,  if  we  fail  to  make  them  acquainted  with  the  last  one  above-mentioned— the 
system  of  a  distinguished  countryman,  which,  as  it  is  based  upon  most  extensive  and 
usually  accurate  information,  is  deservedly  supplanting  others  in  the  botanical  teaching 
of  the  British  schools. 


THB  KATUBAL  SYSTEM,   AOCOBDING  TO  DB.   LINDLST. 

Before  commencing  an  examination  of  this  system  we  must  beg  our  readers  to  bear 
in  mind  that  a  dose  attention  is  necessary  to  the  minute  parts  of  the  plant,  and  more 
particularly  of  the  seed;  since,  of  aU  organs,  that  is  one  possessed  of  the  greatest  degree 
of  constancy.  We  must  also  give  some  degree  of  encouragement  to  the  student  by 
stating,  that  althoilgh  this  system  is  not  so  simple  as  that  previously  described,  it  is 
yet  less  difficult  than  it  appears  to  be.  Its  difficulty  lies  at  the  threshold ;  and  to 
overcome  it  the  student  will  have  tlie  gratification  of  gaining  much  interesting 
information. 

We  cannot  enter  at  length  into  the  subject,  but  shall  give  an  outline  of  the  whole 
scheme,  and  such  illustration  as  may  be  interesting  and  useful  to  the  reader,  and 
necessary  to  a  comprehension  of  so  extensive  a  subject.  The  following  is  a  conden- 
sation of  Professor  Lindley*s  scheme  ("  Vegetable  Kingdom,"  p.  Iv.,  et  teg,) 


CLASSES. 
Asexualf  or  Flowerless  FlanU. 

Stems  and  leaves  undistinguishable i.  thalloqens. 

**  A  TbBUuB  l6  a  fosion  of  root,  stem,  and  leaves,  into  one  general  mass,  and  Thallogens  are 
also  destitute  of  flowers ;  they  are  equally  without  the  breathing  pores,  so  abundantly 
formed  in  the  skin  of  more  complex  species ;  and  they  multiply  by  the  spontaneous  forma- 
tion in  their  interior,  or  upon  their  surface,  of  reprodnctiye  spheroids,  called  spores." 

Stems  and  leaves  distinguishable * '      n>  acroqens. 

"  Beyond  ThaUogens  are  found  multitudes  of  species,  which,  like  Thallogens,  are  not  fur- 
nished by  nature  with  flowers,  butwhich  otherwise  approach  closely  to  the  higher  forms 
of  structure,  occasionally  acquiring  the  stature  of  lofty  trees.  They  hare  breathing  pores 
in  their  skin;  their  leaves  and  stems  are  distinetly  separated;  in  some  of  them  those 
spiral  threads,  which  form  so  striking  a  portion  of  the  internal  anatomy  of  a  more  perfeet 
species,  exist  in  considerable  abundance ;  and  finally,  they  multiply  by  reproductive  sphe- 
roids or  spores,  either  formed  without  the  agency  of  sexes,  or,  if  the  contrary,  shall  be 
proved  at  all  events  not  possessing  bodies  constructed  like  stamens  on  the  one  hand,  and 
embryod  on  the  other.  Their  stem,  however,  does  not  increase  in  diameter ;  it  only  grows 
at  the  end,  and  hence  it  has  given  to  such-  plants  the  name  of  AcrofMs," 
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Sexual,  or  flowering  Plants, 
Fmctification  springing  from  a  thallns "i-  Rhizogen8. 

"  Foremost  among  the  more  perfect  noes  eomee  »  most  anomalous  collection  of  species  called 
Mizogetu.  These  plants,  leafless  and  parasitical,  hare  the  loose  cellular  organization  of 
Fongi ;  a  spiral  stractore  is  nsaally  to  be  found  among  their  tissues  only  in  traces.  Some 
of  them  spring  visibly  from  a  shapeless  cellular  mass,  which  stands  in  place  of  stem  and 
root,  and  seems  to  be  altogether  analogous  to  the  Thallus  of  the  Fungi ;  and  it  is  probable 
that  they  all  partake  in  this  singular  mode  of  growth.  Their  flowers  are  like  those  of 
more  perfect  plants ;  their  sexual  apparatus  is  complete,  but  their  embryo,  which  is  not 
furnished  with  any  visible  radicle  or  cotyledons,  appears  to  be  a  spherical  or  oblong  homo- 


Fmctification  springing  from  a  stem. 
Wood  of  stem  youngest  in  the  centre ;  cotyledon  single. 

Leaves  parallel-yeined,  permanent ;  -wood  of  the  stem  always 
confused iv.  endoqens. 

"  JEndogens  consist  of  species  whose  germination  is  endorhizal,  whose  embryo  has  but  one 
cotyledon,  wh(Mse  leaves  have  parallel  veins,  and  whose  trunk  is  formed  of  bundles  of  spiral 
and  dotted  vessels,  guarded  by  woody  tubes,  which  bimdles  are  arranged  in  a  confused 
manner,  and  are  reproduced  in  the  centre  of  the  trunk." 

Leaves  net- veined,  deciduous ;  wood  of  the  stem,  when  peren- 
nial, aixanged  in  a  circle  with  a  central  pith v.  dictyoqens. 

*'  Dictyogens  are  Endogens,  but  with  the  peculiarity  that  the  root  is  exactly  like  Exogens 
without  concentric  circles,  and  the  leaves  fall  off  the  stem  by  a  clean  fracture,  just  as  in 
that  class." 

Wood  of  stem  youngest  at  the  circumference,  always  concentric ; 
cotyledons  2  or' more. 
Seeds  quite  naked vi.  qymnoqens. 

*'  Gymnogens  are  a  division  of  Exogens  which,  in  the  sexual  apparatus,  have  no  style  and 
stigma,  but  are  so  constructed  that  the  pollen  falls  immediately  upon  the  ovules,  a  pecu- 
liarity analogous  to  what  occurs  among  reptiles  in  the  animal  kingdom." 

Seeds  inclosed  in  seed-vessels vii.  exoqens. 

"  The  class  otJSxogens  is  composed  of  innumerable  races,  having  an  exorhizal  germination, 
an  embryo  with  two  or  more  cotyledons,  leaves  having  a  net-work  of  veins,  and  a  trunk 
consisting  of  woody  bundles,  composed  of  dotted  and  woody  tubes,  or  of  woody  tubes  alone, 
arranged  around  a  central  pith,  and  either  in  concentric  rings  or  in  a  homogeneous  mass, 
but  always  having  medullary  plates  forming  rays  from  the  centre  to  the  circumference, 
and  reproduced  on  the  circumference  of  the  trunk,  whence  their  name  of  Exogens." 


Class  I. — Thallogens. — 939  Genera  ;  8394  Species. 

ALLIANCES     OF    THALLOOENS.  . 

1.  Aloaucs. — Cellular  flowerless  plants,  nourished  through  their  whole  surface  by  the  medium  in 
which  they  vegetate;  living  in  water  or  very  damp  places;  propagated  by  zoospores, 
coloured  spores,  or  tetraspores.    283  Qen, ;  1994  8p, 

Natural  Orders.— \,  Diatomace»,  or  Brittleworts.    2.  Confervacen,  or  Confervas.    8.  Fnoa- 
cesB,  or  Seaweeds.    4.  Ceramiaceie,  or  Rosetangles.    5.  CharacesB,  or  Charads. 
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2.  Fr}70AL«s.— Cellular  flowerless  plant?,  nourished  through  their  thallus  (spawn  or  mycelium) ; 

living  in  air;  propagated  bj  Bpores,  colourlew  or  brown,  and  sometimes  inclosed  in  asci; 
destitute  of  green  gonidia.    598  Om, ;  4000  8p. 
Natmrta  Orders,— %.  Hymenomycetes,   Agaricaces,  or  Toadstodla.     7,  Gasteron^oetes, 

LycoperdaeesB,  or  Puffballs.      8.  Coniomycetes,   Uredinaoe®,   or  Blights.     9.  EDpho. 

myoetes,  Botrytaoe»,  or  Mildews.    10.  Aaoonkjeetes,  HelyeUac?»,  or  Morels.    11.  Fhyso- 

mycetes,  Mucoracece,  or  Moulds. 

3.  LiCBTKHALXs.— Cellular  flowerless  plants,  noqirished  throng^  their  wboW  surface,  by  the  medium 

in  which  they  vegetate;  living  in  air;  propagated  by  spores  usually  inclosed  in  asci;  and 
always-having  green  gonidia  in  their  thallus.    58  Qen, ;  2400  Sp. 
Natural  Ordert.— 12.  Graphidaoeae,  or  Letlec-Uchens.    IS.  GoUemacese,  oc  Jelly-Lichens. 
14.  ParakeUaceiB,  or  Leaf  .Lichens 


Class  II. — Acroqens.— 310  Genera;  4086  Species, 

ALLIANCES     OF    AGROGEKS. 

4.  Mvi^cALxs.— Cellular  (or  vascular).    Spore-cases  immersed  or  calyptrate  (».£.»  either  plunged  in 

the  substance  of  the  frond,  or  inclosed  within  a  hood  having  the  same  relation  to  the  spores 
as  an  involucre  to  a  seed-vessel).    113  Gen, ;  1822  8p. 

Natural  Orders,-^l3,  Biociacess,  or  Crystalworts.  16.  Marchantiacee,  or  Liverworts. 
17.  Jungermanniace®,  or  Scalemosses.  18.  Equisetace»,  or  Horsetails,  19.  Andrseacese, 
or  Splitmosses.    20.  Bryaceo),  or  Ummosses. 

5.  Ltgopodales.— Vascular.    Spore-oases  axillary  or  radical,  one  or  manyf^seUed.    Spores  of  two 

sorts.    6  Gen. ;  224  Sp,  •  • 

Natural  Orders,-^l,  Lycopodiaoefis,  or  Clubmosses.    22.  Marsilcacea,  or  Pepperworts. 

6.  Fii.rcAiiTO.— -Vascular.    Spore-casea  niai^nal  or  dorsal,  one.£elled,  usaally  sommnded  by  an 

elastic  ring.    Spores  of  but  one  sore.    192  Gen, ;  2040  Sp, 
Natural  Orders,^2Z.  Ophlogloesaceee,  or  Adders*  Tongues.    24.  Folypodiacese,  or  Ferns. 
25.  DanseacesB,  or  Banseads. 


Class  III.— RrazoaEws. — 21  Ger*era  ;  63  Species. 

ALLIANCE   THE    SAME   AS   THE   CLASS. 

atwral  Orders,— 7&.  Balanophoracese,  or  Cynomorinjns.    27.  Cytinaceoe,  ozi  Cisfcosrapes. 
28.  Bafflesiaceee,  or  Bafflesiads. 


Class  IV. — Endoqbns.— 1420  Genera  ;  13684  Species^ 

ALLIANCES    OP    ENDOGEXS. 

*  Flowers  glumaeeous  {that  is  to  sap,  composed  of  hracts  noi  eoUected  in  true  wb^rlh  but  consisting  of 
imbricated  colourless  or  herbaceous  scales), 

7,  Glumales.    439  Oen, ;  6186  Sp, 

Natural  Orders.— 29,  Graminaeees,  or  Grasses.     SO.  Cyperace®,  or   Sedges.     31.   Dee- 
vauxiaeese,  or  BrisUeworts.    32.  Restiacess,  or  Bestiads.    33.  Eriocaulace®,  or  Pipeworts. 

•*  Flowers  petaloid,  or  fitmished  with  a  true  calyx  or  corolla,  or  unth  both,  or  absolutely  naked  ; 
^  $  (tJiat  is,  having  sexes  altogether  in  different  flowers,  unthotU  haif-formed  rudiments  of  the 
absent  sexes  being  present),* 

•  The  following  signs  are  employed  in  this  scheme  :— 

S  Signifies  a  bisexual,  or  hermaphrodite  plant. 

^  An  unisexual,  or  male  plant. 

9  An  unisexual,  or  female  plant. 

lowers  having  two  coverings,  as  calyx  and  corolla,  are  said  to  be  Diclamydeous ;  and  one-cover- 
ing,  Monoelamydeous.  If  they  vary  so  that  some  have  ose  and  others  twa  cavorings,  they  are  called 
Monodielamydeous. 
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8.  A&AX.S8. — ^Flowers  naked,  or  consisting  of  scales,  2  or  3  together,  or  numerous,  and  then  sessile     l 

on  a  simple  naked  spadiz :  emhryo  axile ;  albumen  mealy  or  fleshy.    (Some  have  no  albumen. ) 
41  Gen,!  27% Sp.     *'         '  '  '  1 

NtUural  Orders.— %^  Pistiacese,  or  Lemnads,  or  Duckweeds.    35.  TjrphacciB,  or  Typhads,    I 
or  Bulnuhfls,    3C.  AraoeflB,  oc  Aradt.    37.  PandanameB,  or  Serewpines. 

9.  PAT.iffAT.TC5.— Flowers  perfect  (with  both  calyx  and  corolla),  sessile  on  a  branched  scaly  spadix ; 

embryo  vaguo,  solid ;  albumen  homy  or  fleshy.    Some  Palms  are  $ .    73  Qen, ;  400  8p, 

ITaiural  Orders.— 9S.  Palmacese,  or  Palme. 

10.  Hti)bai.e8. — Flowers  perfect  or  imperfect,  usually  scattered ;  embryo  axile,  without  albumen — 

aquatics.    (Some  are  $  .)    26  Gen. ;  48  Sp. 

Natural  Orders. — 39.  HydrocharidacesB,  or  Hydrocharads.  40.  NaiadaceiB,  or  Naiads.  40. 
bis.  TriuridaceiB,  or  Triuxids.    41.  Zosteracese,  oc  Seawracka. 

*•*  Flowers  furnished  with  a  true  calyx  und  corolla,  adherent  to  the  ovary  ;    ^ . 

11.  Nabcissauk.— Flowers  symmetrical;  stamens  3  or  6,  or  more,  all  perfect;  seeds  with  albumen. 

(Some  Brameliaocse  have  a  firee  calyx  and  corolla.)    163  Gen. ;  1238  Sp, 

Natural  Orders.-^i2.  Bromeliaceee,  or  Bromeliads.  43.  TaccacesB,  or  Taccads.  44.  Hcsmo- 
doracee,  or  Bloodioots.  45.  Hypoxidaoeee,  or  Hypoixids»  46.  Amarylltdacen,  or  Amarrl. 
lida.    47.  LridaeeiB,  or  IridB. 

12.— AxoMALES.— Flowers  unsymmetrical ;  stamens  1  to  5,  some  at  least  of  which  are  petaloid ; 
seeds  witii  albumen.    39  6rm.;  427  <^. 

Natural  Orders. — 48.  Musacie,  or  Musadfl.  49.  Zingiberaceaa,  or  Gingerworts.  iO.  Maran- 
tacefB,  or  Marants. 

13.— Obchii) ALBS.— Flowers  unsymmetrical :  stamens  1  to  3;  seeds  without  albumen.    404  Gen,: 

Natural  Orders, — 51.  Bnrmanniaces,  or  Burmanniadfl.  52.  Orehidaceae,  or  Orchids.  53. 
ApostasiaceiB,  or  Apostasiads. 

•  •  Flotoersjitmished  teith  a  true  calyx  and  corolla,  free  from  the  ovary ;  ^ . 

14.  Xtbidales.— Flowers  half  herbaceous,  2^petaloideous ;  albumen  copious.    24  Gen, ;  336  Sp, 

Natural  Olrdart.— 54.  Philydraeea,,  or  Waterworts.  55.  XyridacQi«»  or  Xyrids.  56.  Com- 
melynaceee,  or  Spider  worts.    57.  Mayaceae,  or  Mayacs. 

15.  JuKCALxs. — ^Flowers,  herbaceous,  dry.,  and  permoneix^  soarious  if  coloured;  albumen  copious. 

(Some  Callas  hare  no  albumen.)    27  Gen. ;  260  Sp. 

Natural  Orders.— %5,  Juncacete,  or  Rushes.    59.  Orontiacese,  or  Orontiads. 

16.  Lii.iai.bs.— ^FloweiB  hexapetaloideous,  succulent,  and  withering ;  albumen  copious.    171  Gen. ; 

1365  i^. 
Natural  Orders.— eo.  GUB.tBiacem,or  Oilllesiads.  61.  Melanthace»,  orMebnths.  62.LiliAceaj 
or  Lilyworts.    63.  PontederacesB,  or  Pontederads. 

17.  AuBKALES.- Flowers  3-6.petaloideous,  apooarpal ;  albumen  none.    (Some  Alismads  are  abso- 

lutely 9  ^.)     14  Gen. ;  101  ^, 

Natural  Orders.~^\.  ButomacesD,  or  Butomads.  65.  Alismaceee,  or  AUsmads.  66.  Junca* 
cinaceie,  or  Arrow-grasses. 


Glass  V. — ^Dicttogens. — 17  Genera;  268  Species, 

Natural  Orders.— 6S.  Dioscoreaeeas,  or  Yams.    69.  Smilaoess,  or  Sarsaparillas.    70.  Phile- 
siace»,  or  Philesiads.    71.  Trilliacese,  or  Parids.     72.  Boxburghiacese,  or  Roxburgh- 
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Class  VI.— Gtmnooems.— 37  Genera;  210  Species: 

Natural  Orders.— IZ.  Cycadeaceae,  or  Cycads.     74.  Pinace©,  or  Conifew.    75.  Taxaoe*. 
or  Taxads.    76.  Gnetaceee,  or  Joint  Firs. 


Class  VII — Exogens. — 6191  Genera;  ^Q225  Species, 

ALLIANCES     OF    BXOOENS. 

Sub-Class  I. — Diclinous  Exogens. 
Flowers  $  $,  without  any  customary  tendency  to  g  . 

18.  Ambntales.— Flowers  in  catkins,  achlamydeous  or  monochlamydeouB ;  carpels  superior ;  embryo 

small,  with  little  or  no  albumen.    13  Gen, ;  358  8p, 

Natural  Orders. — 77.  Casuarinacees,  or  Beefwoods.  78.  BetulacesB,  or  Birchworts.  79. 
Alting^iacece,  or  Liquidambars.  80.  SalicacesB,  or  Willowworts.  81.  Myrioaceee,  or 
Galeworts.    82.  Eleeagnaceee,  or  Oleasters. 

19.  ITrticalrs.— Flowers  scattered,  monochlamydeous;  carpel  single,  superior ;  embryo  large,  lying 

in  a  small  quantity  of  albumen.    61  Gen, ;  572  Sp, 

Natural  Orders.— ^Z.  Stilaginaceee,  or  Antidesmads.  84.  Urticacese,  or  Nettleworts.  85. 
CeratophyllacesB,  or  Hornworts.  86.  CannabinacesB,  or  Hfempworts.  87.  Moracese,  or 
Morads.    88.  Artooarpaceee,  or  Artocarpads.    89.  Platanaceee,  or  Planes. 

20.  EupHORBiALES.— Flowers  scattered,  monodichlamydeous ;  carpels  consolidated,  superior;  pla- 

centffi  axile  ;  embryo  surrounded  by  abundant  albumen.    (Albumen  occasionally  absent).  203 
Oen. ;  2527  8p. 

Natural  Orders.— 90.  EuphorbiacesB,  or  Spurgeworts.  *  Gyrostemoneee.  91.  Scepacees, 
or  Scep&ds.  92.  Callitrichaceee,  or  Starworts.  93.  Empetraceae,  or  Crowberries.  "  fiaUdese. 
94. 1  Nepenthaceee,  or  Nepenths. 

21.  QuKRNALES.— Flowers  in  catkins,  monochlamydeous;   carpels  inferior;  embryo  amygdaloid, 

without  albumen,    12  Gen  ;  292  Sp, 

Natural  Orders.— 95.  Corylace®,  or  Mastworts.    96.  JuglandacesB,  or  Juglands, 

22.  Garrtales.— Flowers  monochlamydeous,  sometimes  amentaceous ;  carpels  Inferior ;  embryo 

minute,  in  a  large  quantity  of  albumen.    3  Gen. ;  7  Sp. 

Natural  Orders.— 97,  Garryaceae,  or  Garryads.    98.  Helwingiacese,  or  Helwingiana. 

23.  MBNi8PSRXALE8,~Flower8  monodichlamydeous;   carpels   superior,    disunited;   embryo  sur- 

rounded by  abundant  albumen.    39  Gen. ;  281  Sp, 

Natural  Orders. — 99.  MonimiacesB,  or  Monimiads.  100.  AtherospermaceeB,  or  Plume-Nut- 
megs. 101.  Myrisl^caoeaB,  or  Nutmegs.  102.LardizabalaceflD,orLardizabalads.  lOS.Schl- 
sandracefiB,  or  Kadsurads.    104.  Menispermaceae,  or  Menispermads. 


24.  CucTjRBrrALES.—Flowers  monodichlamydeous ;   carpels  inferior;   placentae  parietal :' embryo 

without  albumen.    61  Gen. ;  433  Sp, 

Natural  Orders.— 105.  Cucurbitaceae,  or  Cucurbits.    106.  Datiscaceae,  or  Datiscads,     107. 
Begoniaceae,  or  Begoniads. 

25.  Papatalbs.— Flowers  dichlamydeous ;  carpels  superior,  consolidated ;  placentae  parietal :  em- 

bryo surrounded  by  abundant  albumen.    11  Gen. ;  29  Sp, 

Natural  Orders.— 10%,  Papayaceae,  or  Papayads.    109.  Pangiace®,  or  Pangiads, 
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Sub-Clabs  H.—Htpoginoub  Exoobnb. 

Flowers  $ ,  or  ^  $  9  ;  stamens  entirely  free  from  the  calyx  and  corolla. 

38.  yiOLALES.~Flower8  monodichlamydeoas ;  placenta  parietal  or  satoral :  embryo  straight,  with 
little  or  no  albumen.    9&  Qen. ;  12%2  8p. 

Natural  Orders.— WO,  FlaooartiaoesB,  or  Bixads.  111.  Lacistemaoee,  or  Lacistemads. 
112.  SamydacesB,  or  Samyds.  113.  PassifloracesB,  or  Passion  worts.  114.  Malesherbiaceee, 
or  Crown  worts.  115.  Moringaceae,  or  Moringads.  116.  Yiolaceffi,  or  Violet  worts.  117. 
FrankeniaceaB,  or  Frankeniads.  llS.Tamaricaceee,  or  Tamarisks.  119.  SauvagesiaoesD,  or 
Sanvageads.    120.  CrassolacesB,  or  Houseleeks.    121.  Tumeraceee,  or  Tamerads.. 

27.  GxsTAUBS.— Flowers  monodichlamydeoas ;  placentae  parietal  <x  sntural ;  embryo  eurred  or  spiral ; 

with  liUle  or  no  albumen.    214  Gen.;  2166  Sp. 

Jfatural  Orders-— 122.  Cistaceee,  or  Bock  Boses.  128.  Brassicacefls,  or  Cmcifers.  124.  Beae- 
daceffi,  or  Weldworts.    125.  Capparidaceie,  or  Capparids. 

28.  HALTAI.E8.— Flowers  mpnodichlamydeous ;  plaoentsB  axile ;  calyx  Talyate  in  sestiTation ;  corolla 

imbricated  or  twisted ;  stamens  definite  or  00 ;  embryo  with  little  or  no  albumen.    160  Gen. ; 
1933  /^. 
Natural  Orders. — 126.  Stercaliacefls,  or  Sterculiads.    127.  Byttneriace«B,or  Byttneriads.  128. 

YivianiacesB,  or  Yivianads.    129.  TropsBolacesB,  or  Indian  Crosses.    ISO.  Malvacesp,  or 

Hallowworts.    131.  Tiliacese,  or  Lindenblooms. 

29.  Sapindales.— Flowers  monodichlamydeous,  unsymmetrical ;  placentee  axile ;  calyx  and  corolla 

imbricated.;  stamens  definite;  embryo  with  little  or  no  albumen.    (Stamens  rarely  00.)    132 

Oen. ;  1656  8p, 
Natural  Orders.— 192.  Tremendraoee,  or  Poreworts.    133.  Polygalacess,  or  Milkworts.    184. 
Yochyaceie,  or  Yochyads.  135.  StapbyleaoesB,  or  Bladder  Nnto.    136.  Sapindaceee,  or  Soap- 
worts.     137.  PetiveriacesB,  or  Petiveriads.     138.  Aceracese.  or  Maples.     139.  Malpig- 
hiacesB,  or  Malpighiads.    140.  ErythroxylacesB,  or  Erythroxjls. 

SO.  GrrriFBRALva.— Flowers  monodichlamydeoas ;  placen tea  axile;  calyx  imbricated ;  corolla  imbri- 
cated or  twisted ;  stamens  00 ;  embryo  with  little  or  no  albumen.  (Stamens  sometimes 
definite  in  number.)    93  Gen. ;  642  8p. 

Natural  Orders.— lAl.  Dipteracete,  or  Dipterads.  142.  TemstrSmiaeesB,  or  Theads.  143. 
Bhizobolaceae,  or  Rhizobols.  144.  Clnsiaoece,  or  Guttifers.  145.  Marcgrayiaceee,  or  Marc- 
graviads.    146.  Hypericacese,  or  Tutsans.    147.  Beaumuriacae,  or  Reaumuriads. 

31.  Ntvpvalxs.— Flowers  dicblamydeoas ;  placentae  axUe  or  sutural ;  stamens  00 ;  embryo  on  the 

outside  of  a  very  large  quantity  of  mealy  albumen.  (A  part  have  no  albumen.)  8  Oen. ;  66  8p. 

Natural  Orders.— IAS.  Kymphaeaceae,  or  Water-Iilies.  149.  CabombaoeaB,  or  Waterohields. 
150.  NelumbiaoeaB,  or  Waterbeans. 

32.  Banalxs.— Flowers  monodichlamydeoas;  placentae  sutural  or  axile;   stamens  00;    embryo 

minute,  inclosed  in  a  large  quantity  of  fleshy  or  homy  albumen.    119  Gen. ;  1703  Sp. 
Natural  Orders. — 1 51 .  Magnoliac'eae,  or  Magnoliads.    152.  Anonaceae,  or  Anonads.    153.  Dil- 
leniaceae,  or  Dilleniads.    151.  Banunculaceee,  or  Crowfoots.    155.  SarracenniaceaBi  or  Sar- 
raceniads.    156.  PapaTeraceae,  or  Poppyworts. 

33.  Bekbekales.— Flowers  monodichlamydeous,  unsymmetrical  in  the  oyary ;  placentae  sutural, 

parietal,  or  axile ;  stamens  definite ;  embryo  inclosed  in  a  large  quantity  of  fleshy  albumen. 
79  Gen.  /  604  1^^ 

Natural  Orders.— 157.  Droeeraoeae,  or  Sundews.  158.  Famariaeese,  or  Fumeworts.  159. 
Berberidacese,  or  Berberids.  160.  Yitaceas,  or  Yineworts.  161.  Pittosporace®,  or  Pittos- 
porads.    162.  Olacaceae,  or  Olacads.    163.  Cyrillaceaa,  or  Cyrillads. 

84.  Exicalbs.— Flowers  diehlamydeous,  symmetrical  in  theorary :  placentae  axile ;  stamens  definite : 
embryo  incloeed  in  a  large  quantity  of  fleshy  albumen..  (Stamens  oooasionally  adherent  to 
the  corolla.)    89  Gen. ;  1215  Sp. 

Natural  Orders.— IBi.,  HumiriaeeaQ,  or  Humiriads.  165.  Epacridacese,  or  Epacrids.  166. 
Prrolaceae,  or  Winter-greens.  167.  Francoaces,  or  Francoads.  168.  Menotropaceae,  or 
Fir-rapes.    169.  EricacesB,  or  Heathworts. 
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35.  RuTALES.— Flowers  monodiehlamydeous,  symmetrical ;  placentae  axile ;  calyx  and  corolla  imbrU 

cated,  if  present ;  stamens  definite ;  embryo  with  little  or  no  albumen.    (Occasionally  ^  9)> 
236  Gen,;  12^S  Sp. 

2fatural  Order».—170.  Anrantiacee,  or  Citron  worts.  171.  AmyridacesB,  or  Amyrids.  172. 
Cedrelacea,  or  Cedrelads.  173.  Meliaceee,  or  Meliads.  174.  Anacardiaceee,  or  Anacards,  or 
Terebinths.  175.  GonnaracesB,  or  Oonnarads.  176.  RatacWB,  or  Rueworts.  177.  Xan- 
thoxylacese,  or  Xanthoxyls.  178.  OchnacesB,  or  Ochnads.  179.  SimarabacesB,  or  Quas- 
siads.  160.  Zygopfayllaceee,  or  Bean-capers,  181.  Elatinaces,  or  Water-peppers.  182. 
Podostemace®,  or  Podostemads.  ' 

36.  Gbeawtaxm.— Flowers  monodichlsmydeons,  symmetrical;  placentae  axlle;  calyx  imbricated;    ' 

corolla  twisted;  stamens  definite;  embryo  with  little  or  no  albumen.    19  Gen, ;  1D33  Sp. 

Jfaturai  Orden.-A^i,  Linaoett,  or  Flaxworts.  184.  CbleBnaees&,<or-GbleBa^.  185.  Oxali- 
dacesB,  or  Oxalids.    186.  Balsaminaoeee,  or  Balsams.    187.  Geraniacese,  or  CranesbiUs.         . 

37.  SiLKN ALES.— Flowers  monodichlamydeous ;  placenta  free,  central ;  embryo  external,  curved    • 

round  a  little  mea|y  albumen ;  carpels  more  than  one,  completely -combined  into  a  compound    i 
fruit.    (Some  flightlyperyginous,  others  ^  9.)     \l%  Gen, ;  l%3^  8p,  I 

Natural  Order*.— 188.  CaryophvUaceae,  or  Silenads.    189.  lUecebraceas,  or  Enotworts.    190.    • 
PortulueesD,  or  Purslanes.    191.  Polygonacese,  or  Buekwheats, 

38.  Chenopodales.— Flowers  monochlamydeous ;  placentSB  free,  central ;  embryo  external,  either    j 

ourred  round  or  applied  to  the  surface  of  a  little  mealy  or  homy  albiumen ;  carpels  solitary,  or    | 
if  more  than  one,  distinct.    (Some  slightly  perigynous,  others  ^  9)  •    ^35  Gen, ;  803  8p. 

Natural  Orders.— 192,  Nyctaginaceeo,  or  Nyctagos.  193.  Phytolaccaceae,  or  Phytolaccads. 
194.  AmarantaceoB,  or  Amaranths.    195.  Chenopodiaceee,  or  Chenopods. 

39.  PiPERALES.— Flowers  adhlamydeous ;  embryo  minute,  on  the  outside  of  a  large  quantity  of   ' 

mealy  albumen.    (Occasionally  ^  9).  27  Gen,;  622  $jp. 

Natural',  Orders,— 19S,  PiperaoesB,  or  Pepperworts.  297.  Chloraijthaoeee,  or  Chloranths. 
198.  Soururaceee,  or  Saururads. 


-   SuB-0iJk88  m. — ^Perighvous  Exooens. 

Flowers  g,or  ^  g  9 ;  stamens  growing  to  the  side  of  eithertbe  calyx  or  ttie  corolla ;  cmuy  superior, 

or  nearly  so. 

•10.  FicoiDALBS.— Flowers  monodichlamydeous;  placentae  central  or  axile;  corolfk,  if  present,  poly- 
p^lous ;  embryo  external,  and  curved  round  &  small  quantity  Of  mealy  albumen.    S4  Gtn, ; 
466/^. 
Natural  Orders,— 199.  BaseUaceae,  or  Basellads.    200.  Mesembryaoe«,  orFieoida.  201.  Tetra- 
goniaeen,  or  Aizoons.    202.  "S^eranthacese,  or  Scleranths. 

41.  Daphsales.— Flowers  monochlamydeous;  carpel  solitary;  embryo  amygdaloid,  without  albumen. 

129  €?«*.;  1409  Sp, 

Natural  Orders.— 20Z,  Thymelaceae,  or  Daphnads.  204.  Proteaees,  or  Fsoteads.  205.  Lan- 
raceae,  or  Laurels.    206.  Cassythacese,  or  Dodder-laurels. 

42.  RosALES.— Flowers  monodichlamydeous ;  carpels  more  or  less  distinct :  placentae  sutural ;  seeds 

definite ;  corolla,  if  present,  polypetalous ;  embryo  amygdaloid,  with  little  or  no  albtunan. 
551  Gen,;  74»l8p. 
Natural  Orders,-^!,  Cal^canthaceae,  or  Calycanths.    208.  Chrysobalanaoefe,  or  Chrysoba. 

lans.    209.  Fabaceae,  or  Leguminous  plants.    210.  Drupaceae,  or  Almondworts.    211. 

Fomaaeas,  or  Apptewotts.     212.  SaagilisorbaoeiB,  or  Sanguiaotbs.     213.  XosacMB,  or 

Roaeworta. 

43.  Saxifbagales.— Flowers  monodichlamydeous ;  carpels  consolidated ;  .plaoentae.sutnral  or  axile: 

seeds  00 ;  corolla,  if  present,  pelypeMleuB;  embryo  taper,  witii  a  long  radicle,  and  a  little  or 
no  albumen.    89  Gen,;  761  Bp, 

Natural  Orders.— Hi.  SaxifragaoesB,  or  Saxifrages.  215.^«brangeaeeflB,  or  BriknngmdB. 
216.  Cunoniaeeft,  or  Cunonlads.  217.  Brexlaceee,  or  Bcexiads.  il8.  Lythraceee.  or 
'  'Msestrifes. 
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^r*SJked!7r^upww^r»eeas  defliAte  jlmbryo  amygdaloid,  with  little  or  «>  albumen. 

>atll-a'i  Orier/-219.  PenajaceeB,  or  SaroooolladB.  220.  Aqullariaww,  or  Aquilariads. 
221.  UlmaccaD.  or  Elmworts.  222.  BhamnacesD,  or  l^amnads.  223.  ChiulletiaccaB,  or 
ChalU^tiadB.  224.  Hippoci*teac(l8B,  or  Hlppoorattads.  225.  C^Iastracero,  or  Spindle-trees. 
226/Wkhou»iaoe£e,oV8taoldiou2ad».  227.  Sapotace»,or  Sapotads.  228.  Btyracaceae, 
or19t6raxwort8. 

45  Okktiakales.— Flowera  dlchlamydeous,  monopetalous ;  placentas  exile  or  parietal ;   embryo 

^Si^  with  ^o^ledoa*  much  smaller  thaa  the  radicle,  lying  In  a  large  quantity  of 

albumen.    221  Gen. ;  15W  Sp, 

Natural    Orden.^29.   Ebenacew,    or    Ebanada.     230.    AquifollaM»,    or   Holly  worts. 

231,  Apocynaceee,  or  DogbaHei.    282.  Loganiaceee,  or  Legoniads.    233.  Diapensiacero,  or 

DiapensiadB.    234.  8till»eeffi,  or  Stilbids.    235.  OrobancbuceiB,  or  Broomrapes.    236.  Gen- 

tianace&e,  or  Qentianworts. 

46.  SoLAKALES.— Flowers  dichlamydeous,  monopetalous^  symmetrical ;  placenteo  aalle ;  froit  2-8- 

celled ;  embryo  large,  lying  in  a  small  quantity  of  albumen.    (Occasionally  achlamydeoua  or 

polypetalous).    298  Gen. ;  2984  Sp. 

natural    Ordert.—2ZT.   Oleacero,    or    Oliveworts.      238.   Solanaceee,    or     Nightshades. 

;2d9  Aflclepiadaeeee,  or  Asdepiads.    240.  Gordiaeese,  or  Sobestens.    ^1.  OonTolTulaoese, 

or  Bindweeds.    242 .  Cuscutaces,  or  Dodders.    243,  PolemoniaceoB,  or  Phloxworts. 

47  CORTUSALES —Flowers  dichlamydeous,  monopetalous,    symmetrical;    placenta  free,   central; 
'      embryo  lying  among  a  large  quantity  of  albumen.    (Occasionally  monochlamydeous,  or  poly- 
petalous).   86  &«n. ;  880 /^j). 

Naturdi  Orders.— 2U.  HydrophyllacecD,  or  Hydrophyls.  245.  Plumbaginacero,  or 
Leadworts.  246.  Planta^aceiB,  or  KTbworts.  247,  Primulacese,  or  Primworts.  248. 
MyrsinacesB,  or  Ardisiads. 

48  BctixALES.— Flowers  diiShlamydedus,  nwmopetalous,  symmetaical,  or  unsymmetrfcal ;  fruit  nuca- 

mentaceous,  consisting  of  several  one-seeded  nuts,  or  of  clusters  of  them,  separate  or  separable ; 
embryo  large,  with  Uttte  or  no  albumen.    (Very  rarely  hypogynous !)    280  Gen. ;  4158  Sp. 
Ntttwal    Or^er*.— 249.  JFasminacecb,   or    JaiBninworts.      250.   BalTadoraceee,    or   Salva- 

dorads.     251.  Ehretiace»,    or   Ehretiads.    252.  Nolanacece,  or   Nolanads.    253.  Bora- 

sinaceffi  or  Borageworts.   254.  Brunoniaceae,  or  Brunoniads.  255.  LamiaceaB,  or  Labiates. 

£i6.  VcrWnac^w,  or  Vci*ben«.    267.  Myopbraceoj,  or  Myojtorads.    258.  Selagtaaceee,  or 

Selagids. 

49.  BiOHcwiAMW.— Flower«diclilaBQ'di>«te8,inciwv«til<W8,un«yM  fruit  eapsmlarwbertied, 

\rith  its  carpels  quite  consolidated ;  placentae  axile,  or  parietal,  or  free  central;  embryo  with 

little  or  no  albumen.    408  Gen. ;  3508  Sp. 

Jfatwal  Orders.— 4S9.  Pedaliaceee,  or    Pcdaliads.     260.  GesneraceoD,   or  Gesnerworts. 

261.  Crescentiaceie,  or  Creeeentiads.      262.  Bignoniaceae,  or)  Bignoniads.     268.  Acan- 

thncece,    or   Acanthads.     264.  Scrophulariaceae,  or  Linariads.    265.  LentibulariaceaD, 

or  Butterworts. 

Sub-Class  IV.— Epigtnous  Exooens. 

Flowers  »   or  ;f  S  9  :  stamens  growing  to  the  side  of  either  the  calyx  or  corolla;  oyary  inferior,  or 
*'      °  nearly  80. 

50  Campanalis.— Flowers  dichlamydeous,  monopetalous;  embryo  with  little  or  no  albumen.    1102 

Gen. ;  10491  Sp. 

Natural  Orders.—iSQ.  Campanulaceac,  or  Bellworts.    267.  Lobeliaceee,  or  Lobeliads.    208. 

Goodeniacero,  or  Goodeniads.    269.  Stylidiaceae,  or  Styleworts.    270.  Valerianaceoe,  or 

Valerianworts.     271.  Dipsacacea?,  or  Teazleworts.    272.  Calyceraceae,  orCalycers.    273. 

Asteraceie,  or  Composites. 

51.'  Mthtales.— Flowers  dichlamydeous,  polypetalous;  placentae  axile;  embryo  with  little  or  no 
albumen.    (Occasionally monochlamydeous).    258  6ren. ;  8340  >8p. 

JTatvral  Orders.— 21\.  Combretaceee,  or  Myrobalans.  275.  AlangiaoesB,  or  Alan- 
giads.  276.  Chamaelaudaceae,  or  Fringe  Myrtles.  277.  Haloragaceae,  or  Hippurids. 
278.  Onagraceae,  or  Onagrads.  279.  llhizophoraceae,  or  Mangroves.  280.  Belvisiaceae,  or 
Napoleonworts.  281.  Melastomaceas,  or  Melastomads.  282.  Myrtaceco,  or  Myrtleblooms. 
283.  Jiecythidacece,  or  Lecyths. 
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62.  Cactales.— Flwwers  dichlamydeouB,  polypetalouB ;  plaoentsD  parietal ;  embryo  with  little  or  no 
albumen.    S9  Qen. ;  900  8p, 
Natural  Order8.-'2M.  Homaliaceee,  or  Homaliads.    285.  LoasaceeB,  or  Loasads.    286.  Cac- 
taee8B»  or  Indian  Figs. 

53.  GaoBSALBS.— Flowers  dicUamydeous,  polypetalous;  seeds  numerous,  minute;  embryo  small, 

lying  in  a  large  quantity  of  albumen^    22  Qen. ;  208  8p. 
Natural  Orders.— ^1.  Grossulariacese,    or  Currantworts.    288,.  Escalloniacese,  or  Escal- 
loniads.     289.  PhiladelphacesB,  or  Syringas.    290.  Barringtoniacece,  or  Barringtoniads. 

54.  CiNCBoNAXES.— Flowers  dichlamydeous,  monopetaloos;  embryo  minute,  lying  in  a  large  quantity 

of  albumen.    305  Qen. ;  3243  8p, 

Natural  Orders.— 291,  VacciniacesB,  or   Cranberries.     292.  ColumelliacesB,    or  Columel- 
liads.     293.  Cinchonaceae,   or   Ginchonads.     294.   CaprifoUacese,  or  Caprifoils.     295. 
■    GaliacesB,  or  Stellates. 

55.  UicBXLi^LKS.^Flowers  dichlamydeous,  polypetalous;  seeds  solitary,  large;  embryo  small, lying 

in  a  large  quantity  of  albumen.    322  Oen.  ;  1780  Sp. 
Natural  Orders.^296.  Aplaceee,  or  Umbellifcrs.    297.  Araliacero,  or  Ivyworts.    298.  Coma- 
ceee,  or  Cornels.    299.  Hamamelidaceae,  or  Witch-Hazels.    300.  Bruniaeefle,  or  Bruniads. 

56.  AsAAALES.^Flowers  monochlamydeous ;  embryo  small,  lying  in  a  large  quantity  of  albumen. 

49  Gen. ;  652  Sp. 

Natural   Ord&rs.—ZQil.  SantalaoesB,    or  Sandalworts.     302.  Loranthacete,  or  Loranths. 
303.  Aristolochiacese,  or  Birthworts. 


Had  our  space  permitted,  we  should  now  proceed  to  consider  the  various  alliances 
and  natural  orders  in  detail,  so  as  to  lay  before  our  readers  a  complete  account  ,of  the 
whole  kingdom  of  plants ;  but  we  must  content  ourselves  with  the  extended  scheme 
which  we  have  now  inserted. 

"We  have  but  little  to  add  to  the  directions  which  we  gave  for  the  prosecution  of  the 
study  of  classification  under  the  Linnsean  system ;  but  it  is  important  to  bear  in  mind, 
that  under  the  natural  arrangement  the  stamens  and  pistils  play  a  subordinate  part, 
and  are  only  accounted  as  a  portion  of  the  whole  constitution  of  the  plant.  But 
very  minute  and  constant  attention  is  directed  to  the  ovule  and  the  seed ;  so  that  a 
pocket  magnifier  of  moderate  power  is  at  all  times  necessary. 


EDWARD  SMITH,  ¥.D. 
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ON  THE  STUDY  OF  ANIMALS. 


In  vhatever  direction  we  turn  our  eyes,  we  everywhere  meet  the  varied  forms  of 
animal  life.  Earth,  air,  water,  are  all  alike  occupied  hy  multitudes  of  living  creatures, 
each  fitted  especially  for  the  habitation  assigned  to  it  by  nature.  Every  wood  or 
meadow— nay,  every  tree  or  shrub,  or  tuft  of  grass, — has  its  inhabitants ;  even  beneath 
the  surface  of  the  ground  numbers  of  animals  may  be  found  fulfilling  the  purposes  for 
which  their  species  were  called  into  existence.  Myriads  of  birds  dash  through  the  air, 
supported  on  their  feathered  pinions,  or  solicit  our  attention  by  the  charming  song 
\rhich  they  pour  forth  from  their  resting  places ;  whilst  swarms  of  insects,  with  still 
lighter  wings,  dispute  with  them  the  empire  of  the' air.  The  waters,  whether  salt  or 
fresh,  are  also  filled  with  living  organisms ;  fishes  of  many  forms  and  varied  colours, 
and  creatures  of  still  more  strange  appearance,  swim  silently  through  their  depths,  and 
their  shores  are  covered  with  a  profusion  of  polypes,  sponges,  starfishes,  and  other 
animals. 

To  whatever  elevation  we  attain  on  the  mountain  sides,  to  whatever  depth  in  the 
ocean  we  may  sink  the  lead,  everywhere  shall  we  find  traces  of  animal  existence, 
everywhere  find  ourselves  surroimdcd  by  living  creatures,  in  a  profusion  and  variety 
which  may  well  excite  our  wonder  and  admiration. 

Nor  are  these  phenomena  confined  to  any  one  region  of  the  earth ;  on  the  contrary, 
the  diversity  of  climate  only  adds  to  the  variety  of  objects  which  the  zoologist  is  called 
upon  to  contemplate.  Thus  the  bold  voyager  of  the  inclement  regions  of  the  north,  in 
losing  sight  of  those  productions  of  nature  which  met  his  eyes  at  home,  finds,  as  it 
were,  a  new  creation  in  his  new  abode — seals,  by  the  hundred,  basking  in  the  scanty 
rays  of  the  Arctic  sun,  or  diving  into  the  deep  waters  in  search  of  their  finny  prey — ^the 
whale,  rolling  his  vast  bulk  in  the  waves,  and  ever  and  anon  driving  high  into  the  air 
his  curious  fountain— water,  be  it  remembered,  strained  from  the  myriads  of  small  ani- 
mals which  constitute  the  food  of  the  leviathan.     The  air  is  peopled  by  innumerable 
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flights  of  marine  birds ;  the  sea  by  still  more  countless  swarms  of  fishes ;  and  the  land 
affords  a  hahiiation  to  the  elk  and  the  reindeer,  the  arctic  fox,  and  other  creatures 

If  viv<Hani)tnmtB^9Bid9>t8otithwards,  to  the  tropical  regions  of  the  earth,  the  abmi- 
danoai«iid*'TariBt7->ib£iHiiiaDtRilid. beings  increases  more  and  more.  ;  Here  the  colossal  { 
elephant^rand  i;be'«eq;B^ifiy^iinnriBHy  rhinoceros,  crash  through  piimffival  forests ;  the  I 
lion  audi  Hie  ti^er,  aid  itther  pnWatory  beasts,  prowl  thnongh  the  thickets,  seeking  1 
for  thfiir»|ffej ;  'vn  Tast  pOainS)  eoiiiltless  herds  of  antelopes  browse  in  fancied  security,  ; 
or  dash  swiftly.away  at  Ae^jBqjpHttfch  of  danger;  gigantic  snakes  lie  coiled  in  horrid  I 
folds  aiDOBgsttth6>  busies,  Diihagfp^^  from  the  trees  await  .their  yiotims.  The  air  and 
trees  VKSrm  with  bitds  of  gKuagiHinf  jplmnage,  and  insects  of  strange  forms  and  brilliant  | 
colours.  Nor  are  the  waters  laed  'bountifully  provided  irith  inhabitants :  every  form  j 
with  wlBch\H-we'  are  a^qBiEEilijhedIiin.^«nr  own.  seas  is  here  represented,  but  with  still  i 
greateif^poroftision  and  variety.  i 

At  night  the  ocean  spazkksnrith  a  bHUaancy  which  rivals  the  splendour  even  of  a  ; 
tropical  sky  ;  and  this  phenomenon,  which  may  be  witnessed,  although  in  an  inferior   i 
degree,  in  more  temperate  climes,  is  due  to  the  presence  of  vast  multitudes  of  minute   j 
phosphorescent  animals,  whose  very  existence  would  frequently  remain  unknown  but 
for  their  powers  of  illuminating  the  waves  by  night. 

And  when  we  have  exhausted  the  study  of  external  nature,  there  is  yet  another  i 
world  to  which  we  may  turn.  Within  our  bodies,  and  those  of  every  species  of  animal  ! 
fi:x)m  the  highest  to  nearly  the  very  lowest,  exist  various  forms  of  parasites,  preying  upon  j 
our  substance  or  our  food :  creatures  whose  very  existence  and  development  are  a  j 
mystery — a  mystery,  however,  which,  as  far  a3  it  has  yet  been  unravelled,  serves  to  ' 
raise  our  expectations  as  to  what  remains  behinci. 

ON  ZOOLOGICAL  CLASSIFICATION. 

When  we  consider  the  immense  number  of  animals  existing  on  the  face  of  the  earth, 
of  which  we  have  endeavoured,  in  the  preceding  section,  to  give  some  slight  idea,  we  are 
soon  convinced  that  an  attempt  to  obtain  a  knowledge  of  each  of  them  individually, 
and  without  any  acquaintafice  with  their  mutual  relationships,  would  be  a  perfectly 
hopeless  task.  We  are,  in  fact,  compelled  to  call  in  the  aid  of  some  system  of  classifi- 
cation, which,  by  bringing  together  those  animals  which  most  resemble  each  other,  and 
characterizing  them  by  some  common  point  of  structure,  may  enable  us  to  form  a  sort 
of  general  idea  of  the  whole,  and  to  remember  more  readily  the  peculiarities  of  each. 
Some  such  classification,  rough  and  imperfect  it  may  be,  is,  indeed,  formed  by  every 
observant  mind ;  and  its  terms  find  a  place  in  ordinary  language.  Beasts,  birds,  and 
fishes,  reptiles,  and  insects,  are  words  familiar  to  every  one,  and  convey  to  the  minds  of 
tiiose  to  whom  they  are  addressed  a  more  or  less  definite  idea,  according  to  the  precon- 
ceived notions  of  the  hearer. 

Scientific  zoological  classification  is,  in  point  of  fact,  to  a  certain  extent,  coincident 
with  this  popular  classification.  The  latter  being  the  result  of  observation,  the  only 
foundation  of  natural  history,  must  necessarily  be  more  or  less  correct,  according  to  the 
extent  to  which  the  different  kinds  of  animals  bring  themselves  under  the  notice  of 
mankind ;  thus  we  find  that  tolerably  clear  notions  exist  as  to  the  differences  between 
.  a  beast,  a  bird,  and  a  fish, — ^these  being  creatures  that  pass  constantly  under  our  eyes ; 
although,  even  with  respect  to  these  groups,  we  find  some  erroneous  ideas  to  prevail. 
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But  with  respect  to  insects,  and  other  lower  animals  with  which  mankind  at  large 
are  not  familiar,  the  claasifiication  of  ordinary  language  is  by  no  means  so  precise ;  so 
that  whilst,  in.  the  former  cases,  zoology  can  adopt  the  popular  groups  merely  by  sub- 
mitting them  to  a  i&w  modifications,  in  the  latter,  science  is  compelled  to  invent  a 
system  of  her  own. 

This  scientific  classification  is  not,  however,  a  mere  Arbitrary  arrangement,  like  that 
of  the  words  in  a  dictionary,  with  the  sole  object  of  enabling  us  to  find  out  all  that  is 
known  of  a  given  animal  in  the  shortest  possible  period  of  time, — ^it  has  another  and  a 
higher  purpose  in  view,  that  of  showing  the  mutual  relations  of  the  various  numbers 
of  the  animal  kingdom,.and  tracing,  in  a  manner,  the  steps  taken  by  the  Creator  in  the 
modification  of  the  same  type  to  suit  the  various  conditions  in  which  His  creatures 
were  to  be  placed. 

The  knowledge  of  species  constitutes  the  foundation  of  all  zoological  knowle(%e, — 
without  which  we  can  never  arrive  at  sound  generalisations.  The  species,  which  foims 
the  Jrst  step  in  classification,  consists  of  an  assemblage  of  individual  animals  which  are 
supposed  all  to  have  descended  from  the  same  parents,  and  exhibit  the  closest  possible 
resemhlance  in  aU.  parts  of  their  structure.  This  definition,  if  definition  it  may  be 
called,  must  not,  however,  be  taken  in  the  strictest  sense  which  might  be  applied  to 
the  words ;  for  in  many  cases  'we  find  that  individuals  undoubtedly  belonging  to  the 
same  species  vary  considerably  amongst  themselves,  principally  in  colour  and  size. 
Variation  is  generally  to  be  observed,  however,  in  animals  imder  the  infiuence  of 
domestication,  the  individuals  of  most  species  of  wild  animals  resembling  each  other 
so  closely  that  it  would  be.  difficult  to  overlook  their  specific  identity. 

A  test  for  the  specific  identity  of  animals,  upon  which  much  stress  has  been  laid,  is 
founded  upon  the  supposed  fact,  that  when  two  animals  of  different  species  breed  toge- 
ther their  ofiiBpring  is  always  barren.  This  tost  is  evidently  applicable  only  when  we 
can  observe  the  animals  alive ;  whilst,  even  under  the  most  favourable  circumstances, 
such  observations  would  be  very  inconclusive,  as  hybrids,  between  undoubtedly  dis- 
tinct species,  have  been  frequently  known  to  breed. 

We  generally  find  that  several  species  exhibit  a  considerable  amount  of  resemblance 
one  to  another,  agreeing  perhaps  in  most  points  of  importance,  but  differing  in  characters 
of  minor  value,  such  as  colour,  texture,  and  so  forth.  Such  groups  of  species  constitute 
the  second  upward  step  in  classification — ^they  are  called  genera.  Thus  the  horse,  the 
ass,  and  the  zebra,  although  they  [may  readily  be  distinguished  from  each  other  as 
species,  present  a  very  close  resemblance  in  their  general  structure,  and  form  a  gentis;  the 
cat,  the  lion,  the  tiger,  and  .the  leopard  are  in  the  same  case;  as  are  also  the  dog,  the 
wolf;  the  fox,  and  the  jackal, — ^the  animals  may  readily  be  distinguished  as  species, 
whilst  the  structure  of  their  organs  presents  many  common  characters. 

The  arrangement  of  the  species  of  animals  in  genera,  gives  rise  to  the  modem  system 
of  zoological  nomenclature.  This  system  is  called  the  binomial  ayaUm,  from  the  circum- 
stance that,  according  to  this  method,  every  animal  receives  two  names  ;'one  belonging  to 
itself  exclusively,  the  other  in  common  with  all  the  other  species  of  the  genus  in  which 
it  is  included.  For  example,  the  genus  Felis,  or  cat,  includes  the  lion,  tiger,  leopard, 
and  cat,  as  species;  they  aU  accordingly  bear  the  generic  name  Felis,  with  the  addition 
of  a  second  name  specially  applied  to  each,  serving  to  distinguish  it  from  all  other 
species  of  the  genus ;  thus  the  lion  is  called  FeUs  Leoy  the  tiger  FeUs  Tigri&y  the  leopard 
FeUs  ZeaparduSf  and  the  cat  FeUs  Cattus.  This  method  of  nomenclature  has  at  least 
this  advantage  over  the  plan  of  con&ning  only  a  single  name  upon  each  species  that 
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when  we  hear  for  the  first  time  the  name  of  a  newly  discovered  animal,  if  we  are  at  aU 
acquainted  with  the  genus  to  which  it  belongs,  the  mere  mention  of  the  name  puts  us  at 
once  in  possession  of  a  considerable  amount  of  information  as  to  its  structure,  form, 
and  habits.  It  was  first  adopted  by  the  illustrious  Linnaeus,  the  modem  founder  of 
Natural  History,  in  the  tenth  edition  of  his  "  Systema  Naturae,"  published  in  1758. 

Proceeding  with  our  ascending  scale  of  classification,  we  find  that  the  genera  in 
their  turn  ore  united  by  some  common  characters  of  importance  into/am«7*M,  and  these 
again  into  tribes.  The  tribes  combine  to  form  orders ;  in  some  cases  we  meet  with  in- 
tervening steps,  imiting  the  tribes  belonging  to  one  order  into  two  or  three  subordinate 
groups.  The  orders  in  their  turn  group  themselyes  into  classes ;  and  these  lead  us  up  to 
certain  primary  divisions  which,  when  put  together,  constitute  the  Animax  Kingdom. 

But  although  this  be  the  means  by  which  zoologists  have  arrived  at  certain  conclti- 
sions  as  to  classification,  it  is  by  no  means  necessary,  nor  indeed  would  it  be  convenient, 
to  follow  the  same  course  in  communicating  those  conclusions  to  the  world ;  for  this 
purpose  we  must  commence  at  the  opposite  end  of  the  scale — that  is  to  say,  with  the 
largest  groups. 

We  find,  therefore,  that  all  animals  are  formed  upon  certain  plans  or  primary  types, 
generally  sufficiently  distinct.  But  these  primary  types  of  animal  structure  present  us 
each  with  well-marked  subordinate  types,  in  which,  whilst  the  essential  characters  of  the 
primary  division  are  preserved,  the  general  structure  of  the  body  undergoes  more  or 
less  modification.  These  subordinate  types  become  modified  in  their  turn,  so  that  we 
at  last  obtain  a  series  of  groups,  each  characterized  by  some  peculiarity  of  structure, 
gradually  diminishing  in  comprehensiveness  &om  the  animal  kingdom  to  the  species. 
The  characters  of  the  primary  divisions  of  the  animal  kingdom  we  now  proceed  to  in- 


On  the  Primary  Divisions  of  Animals. — At  the  lowest  point  of  the  animal 
kingdom,  approaching  so  closely  to  the  lowest  forms  of  plants  as  sometimes  to  leave  us 
almost  in  doubt  to  which  of  the  great  divisions  of  organized  nature  they  should  be 
referred,  we  meet  with  a  series  of  creatures  in  which  the  functions  of  organic  life  are 
performed  by  its  simplest  element — ^tke  cell.  From  this  circumstance  they  have  received 
from  naturalists  the  denomination  of  unicellular  animals^  or  Protozoa. 

These  animals,  in  fact,  consist  entirely  of  elementary  nucleated  cells  (see  Physiology), 
or  of  aggregations  of  such  cells,  in  which  each  still  retains  to  a  certain  extent  an  ex- 
istence independent  of  its  fellows,  and  generally  possesses  the  power,  when  separated 
from  its  attachments,  not  only  of  continuing  its  own  life,  but  even  of  producing  another 
compound  structure  similar  to  that  from  which  it  had  been  detached.  These  simple 
creatures  possess  no  digestive  cavity ;  their  food,  when  solid,  being  received  into  the  sub- 
stance of  the  body,  and  there  gradually  assimilated.  The  nervous  and  vascular  systems 
are  equally  deficient ;  in  fact,  the  nucleus,  which  is  an  essential  portion  of  the  elementary 
cell,  and  one  or  more  contractile  vesicular  spaces,  are  the  only  traces  of  internal  organi- 
zation observable  in  the  clear  gelatinous  substance  of  which  they  are  composed. 

Reproduction  is  effected  in  general  by  the  division  of  the  substance  of  the  animal ; 
the  phenomena  of  sexuality,  which  we  shall  meet  with  in  aU  the  higher  animals,  are 
here  never  witnessed. 

From  these  simple  creatures  we  pass  to  a  group  of  animals,  the  lowest  members  of 
which  exhibit  but  little,  if  any,  advance  in  point  of  organization.  They  do  not,  it  is 
true,  consist  of  isolated  cells,  or  of  aggregations  of  similar  independent  cells ;  but  in  many 
instances  their  bodies  and  organs  are  constructed  entirely  of  a  gelatinous  cellular 
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matter  very  like  that  of  which  the  Protozoa  are  composed,  and  which  appears  to  possess 
ahuost  an  equal  power  of  retaining  vitality  in  its  smallest  particles.     As  we  advance  in 
the  group,  however,  we  find  the  organization  of  its  constituent  animals  growing  more  and 
more  complicated,  from  the  vital  functions  becoming  more  and  more  differentiated— that 
is  to  say,  performed  by  organs  specially  devoted  to  each ;  until,  from  creatures  roughly 
shaped  out  of  a  homo- 
geneous semi -gelati- 
nous mass,  we  gradu- 
ally arrive  at  animals 
furnished  with  distinct 
I  nervous  and  vascular 
systems,  organs  of  mo- 
tion and  reproduction, 
i        The  most  striking 
I  character  of  the  ani- 
I  mals  included  in  this 
•   group  consists  in  the 
radiate  arrangement  of 
I   their   organs  (Fig.  1) 
I  roimd  a  central  axis, 
I  which  generally  passes 
,  through    the    mouth. 
,   From  this  peculiarity 
I  they   have   been   de- 
,   nominated   by  zoolo- 
.   ^jists  radiated  animals  : 
they  constitute  the  di- 
;  vision  Kadiata.   This 
I  group  includes  those 
animals  which  were  formerly  supposed  to  approach  very  closely  to  plants,  or  indeed 
rather  to  partake  of    a  sort   of   mixed  nature  intermediate  between  animals  and 
I  vegetables,  hence  called  zoophytes,  or  animal-plants ;  and  some  authors  make  use  of  this 

name  in  preference  to  that  of  Radiata,  to  indicate  the  present  group. 
I  The  nervous  system  can  only  be  recognised  distinctly  in  the  most  highly  organized 
of  these  animals.  In  these  it  partakes  of  the  radiate 
arrangement  of  the  body  (Fig.  2),  the  nerve  distributed 
to  each  division  of  the  body  corresponding  exactly  with 
those  of  its  neighbour,  and  arising  from  a  separate  centre. 
These  centres  are  all  placed  in  a  circle  round  the  mouth, 
and  united  by  a  cord  which  forms  a  complete  ring. 

The  sense  of  touch  appears  to  be  the  only  one  which 
can  with  certainty  be  ascribed  to  these  animals;  this 
resides  in  the  general  integument,  and  is  also  frequently 
exercised  by  special  organs. 

All  the  Radiata  possess  a  mouth  and  intestinal  cavity  -^ 

but  very  few  of  them  have  a  second  opening  for  the  dis- 

They  generally  possess  a  more  or  less  distinct  vascular  sys- 


Figr.  1. -star-fish. 


Fig.  2. — Nervous  system  of 
Star.fish. 

charge  of  faecal  matters. 

tern ;  in  some  of  the  higher  forms  a  sac-like  heart  occurs. 
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Sexual  reproduction  occurs  in  all  the  Radiata,  and  the  sexes  are  generally  on 
separate  individuals.  Propagation  is  also  very  commonly  effected  in  this  sub-kingdom 
by  the  formation  of  buds  or  gemmules ;  and  these  either  remain  attached  to  the  parent 
stocky  which  thus  goes  on  increasing  continually  in  size,  or  become  free,  and  lead  an 
independent  existence. 

In  the  two  preceding  divisions  of  the  animal  kingdom  we  find  the  body  formed  upon 
two  very  different  principles.  In  tho  first  and  lowest  it  may  almost  be  said  to  be  amor- 
phous.  The  organs,  such  as  they  are,  follow  no  particular  arrangement ;  and  in  many  cases 
it  is  impossible  even  to  fix  their  relative  position.  In  the  second,  haweyer,  a  certain 
symmetry  is  observable;  and  this  is  the  case  also  with  the  remaining  groups,  the  charac- 
ters of  which  we  have  yet  to  lay  before  the  reader.  But  this  symmetry  is  of  a  very 
different  kind;  in  the  RadiatO'the  parts  of  the  body  are  all  grouped  round  a  connnon 
axis,  every  organ  being  merely  a  repetition  of  its  fellows ;  whilst  in  those  whioh  must 
now  pass  imder  connderation,  the  organs  of  the  body  are  arranged  more  or  less 
distinctly  in  paizs  on  iesch  side  of  the  body,  so  as  to  produce  what  has  been  termed 
by  zoologists  a  bilateral  sywmetrig,  I^iione  do  we  find  this  mode  of  'c(»istructron  so 
completely  exhibited^as  in:the  animab  fbrsxingthe  thi»i^pIxmary  division  of  the  animal 
kingdom,  to  which  we  must  now  direet'attienttitTn. 

The  most  stdkingpeculiiirity  of  these  animals,  by  which,  in  fact,  they  may  generally 

be  distinguished 
at  the  first  glance 
from  all  other  crea- 
tures, is,  that  their 
bodies  and  limbs 
are  composed  more 
or   less  distinctly 

of  segments  or  rings.     From  this,  which  is  their  most  prominent  character,  they  have 
been  denominated  articulated  or  annulose  animals.    They  constitute  the  division  Ab- 

TICULATA. 

The  joints  or  segjnents  of  which  their  bodies  are  composed,  are  formed  essefntially 
by  a  series  of  transverse  folds  in  the  integument  of  the  animal.  In  many  of  the  lower 
forms  the  skin  still  remains  perfectly  soft  and  flexible ;  but  in  by  far  the  greater  number 
these  folds  become  transformed  into  a  series  of  homy  or  crustaceous  rings  (Fig.  3), 
united  to  each  other  by  a  softer  portion  of  the  integument,  so  as  to  permit  a  greater  or 
less  degree  of  flexibility.      The  limbs, 


Fig.  3.— Centipede. 


as  well  as  the  body,  are  constructed  of 
rings  of  various  forms  ;  and  these,  taken 
together  may  be  regarded,  to  a  certain 
extent,  as  a  sort  of  external  skeleton,  ful- 
filling, as  they  do,  most  of  the  purposes 
of  the  skeleton  in  man,  and  the  animals 
most  related  to  him.  Like  this,  it 
gives  support  to  all  the  soft  parts  of  the 
body,  and  furnishes  points  of  attach- 
ment to  the  muscles ;  which  again,  by 
their  action  on  the  moveable  pieces  com- 
posing it,  give  rise  to  the  various  move- 


Fig.  4.— Crab  (Thelphraa). 


ments  of  the  creature.     In  many  cases  all  the  segments  composing  the  body,  with  the  ex- 
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ception  perliaps  of  those  at  the  two  extremities,  are  exactly  similar ;  each  presenting  the 
same  form  and  bearing  the  same  organs  as  its  neighbour.  An  instance  of  this  may  be 
seen  in  the  Centipede,  already  figured ;  and  it  is  still  more  strikingly  exemplified  in  many 
marine  worms.  Generally,  however,  the  segments  present  marked  differences  of  form 
and  comparative  size,  and  in  the  structure  of  their  appendages ',  this  is  very  distinctly 
observable  in  the  insects  and  crabs  (Figs.  3,  4). 

Every  segment  is  supposed  to  be  capable  of  bearing  two  pairs  of  appendages  or  mem- 
bers, one  connected,  with  the  ventral,  the  other  with  the  dorsal  portion  of  the  segment. 
Both  pairs  of  members  do  in  fact  occur  upon  all,  or  a  portion  of  the  segments  in  some  of 
these  animals ;  but  in  general  the  ventral  members  alone  are  developed,  and  these  only 
on  certain  segments.  In  the  insects,  in  addition  to  three  pairs  of  ventral  members,  or 
legs,  we  find  generally  two  pairs  of  dorsal  appendages — ^the  wings.  Sometimes,  as  in 
the  earthworm  and  leech,  the  limbs  are  entirely  deficient,  or  only  represented  by  a  fetw 
bristles  ;  but,  when  present,  their  number  is  never  less  than  six. 


I 


The  nervous  system  of  the  Articulata  generally  exhibits  the  tendency  to  segmentary 
repetition,  characteristic  of  the  group,  very  distinctly.  In 
its  most  characteristic  form  (Fig.  5),  it  consists  of  a  dou- 
Ijle  nervous  cord  running  down  the  middle  of  the  ventral 
portion  of  the  body,  and  uniting  a  series  of  knots  or  gang- 
lia which  lie  in  its  course  ;  these  ganglia  give  rise  to 
nerves  which  are  distributed  to  the  various  organs.  The 
more  elongated  the  body,  and  the  more  similar  the  differ- 
ent segments  of  which  it  is  composed,  the  more  regularly 
do  the  ganglia  follow  one  another ;  whilst,  when  the  seg- 
ments become  more  or  less  amalgamated,  the  individual 
ganglia  fuse  in  a  corresponding  degree  into  larger  masses. 
This  ventral  cord  originates  from  one  or  more  cephalic 
ganglia  of  considerable  size,  situated  in  the  head  above 
the  oesophagus,  which  give  off  two  filaments  to  join  the 
first  ventral  ganglion,  and  thus  form  a  nervous  ring  sur- 
rounding the  oesophagus.  From  this  the  ventral  cord  takes 
its  rise. 
In  the  lowest  animals  arranged  in  this  division  we  have  some  difficulty  in  referring 
the  nervous  system  to  the  articulate  type  ;  but  when  these  animals  present  us  with  a 
distinct  nervous  system  it  consists  of  one  or  two  ganglia  situated  in  the  neigh- 
bourhood of  the  oesophagus,  and  giving  off  two  thin  branches  which  run  down  the 
body.. 

The  majority  of  the  Articulata  possess  the  senses  in  tolerable  perfection.  The  eyes 
in  many  cases  present  a  highly  complex  structure,  consisting  of  a  great  number  of  hex- 
agonal facets,  each  of  which  may  be  regarded  as  a  distinct  eye  ;  this  construction  of  the 
eyes  is  especially  prevalent  in  insects,  and  is  peculiar  to  the  annulose  division.  "When 
these  eyes  are  wanting,  and  even  when  they  are  present,  we  frequently  meet  with 
simple  eyes,  which  agree  very  closely  in  structure  with  the  individual  eyes,  by  the 
aggregation  of  which  the  compound  visual  organs  are  formed.  The  senses  of  hearing, 
taste,  and  smell,  appear  also  to  be  possessed  by  a  great  many  of  these  creatures ;  but 
the  organs  by  which  these  faculties  are  exercised  can  seldom  be  indicated  with  any 


Tig.  5.  —Nervous  system  of 
an  insect. 
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degree  of  certainty.     The  sense  of  touch  of  course  resides  in  the  general  integument ; 
but  special  organs  of  touch  are  also  frequently  developed. 

The  mouth  is  nearly  always  furnished  with  several  pairs  of  jaws,  placed  one  behind 
the  other,  some  serving  for  the  prehension  and  others  for  the  mastication  of  food. 
These  jaws  open  laterally,  so  that  the  aperture  of  the  mouth  is  t'ertical,  or  in  the 
direction  of  the  axis  of  the  body. 

Most  of  the  Artieulata  have  whitish  or  colourless  blood.  The  only  exceptions  are  to 
be  met  with  amongst  the  worms,  some  of  which  have  red  blood.  In  these,  however, 
the  colour  of  the  blood  is  inherent  in  the  fluid  portion,  and  not  due  to  the  presence  of 
red  corpuscles  (see  Physiology).  Their  circulation  is  effected  by  means  of  a  dorsal 
vessel,  which  carries  the  blood  from  behind  forwards ;  it  returns  to  the  posterior  portion 
of  the  body,  either  through  a  proper  vascular  system,  or  by  passing  through  interstices 
left  in  the  tissues  of  the  body. 

Sexual  oviparous  reproduction  prevails  throughout  this  division.     The  sexes  are 

generally  separate,  although  in 
some  of  the  lower  forms  we  meet 
with  complete  hermaphrodism. 

In  the  fourth  great  division 
of  animals  the  bilateral  type  of 
structure  is  far  from  being  so  dis- 
tinct as  in  the  Artieulata.  It  is, 
however,  still  to  be  recognized  in 
the  general  arrangement  of  the 
external  organs,  especially  of  those 
surrounding  the  head. 

These  animals,  of  wliich  the 
snail  may  be  taken  as  a  familiar 
example,  are  usually  inclosed  in  a 
tough  skin,  to  the  inner  surface 
of  which  the  muscles  are  attached, 
and  by  its  contraction  and  dilata- 
tion the  movements  of  the  animal 
are  effected.  "With  the  exception 
of  the  cuttle  fishes,  in  which  a  sort 
of  cartilaginous  support  is  present, 
none  of  these  creatures  possess 
anything  which  can  be  regarded 
as  analogous  to  a  skeleton;  the 
body  forms  a  soft  mass,  frequently 
varying  greatly  in  form  at  the 
will  of  the  creature.  These  pecu- 
liarities have  led  zoologists  to  give 
them  the  name  of  moUitscous,  or 
soft-bodied  animals ;  they  consti- 
Fig.  C— Nervous  system  of  a  Sepia.  tute  the  division  MoLLUSCA. 

In  most  of  these  animals  the  nervous  system  cons'sts  of  a  number  of  knots  or  gang- 
lia, scattered  more  or  less  irregulcrly  through  the  body,runited  with  each  other  by 
nervous  filaments,  and  giving  off  firer  filaments,  the  true  nerves,  to  the  various  organs. 
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In  the  more  Hghly  organized  Mollusca  three  or  four  of  these  ganglia  are  collected  in 
the  head,  forming  a  cephalic  mass,  which  represents  a  brain  (Fig.  G) ;  but  even  in  its 
most  condensed  form  the  separate  cephalic  ganglia  may  still  be  recognized,  forming  a 
sort  of  ring  through  which  the  oesophagus  passes. 

Some  of  the  lower  forms  arranged  with  the  molluscous  animals  by  modem  zoolo- 
gists, possess  only  a  single  ganglion,  from  which  filaments  are  given  off  in  all  directions ; 
and  between  this  and  the  highly  complicated  structure  represented  in  Ffg.  6,  we  meet 
with  every  conceivable  gradation. 

As  might  be  expected  from  the  great  differences  displayed  by  the  members  of  this 
great  division  of  the  animal  kingdom,  in  regard  to  the  degree  of  development  of  the 
nervous  system,  the  senses  arc  possessed  by  them  in  very  various  degrees  of  perfection. 
In  some  of  the  lowest  forms  the  universal  sense  of  touch  appears  to  be  the  only  one 
present ;  but  as  wo  ascend  in  the  scale  we  meet  with  creatures  more  highly  endowed 
in  this  respect.  Tentacles,  or  special  organs  of  touch,  frequently  occur,  generally  in 
the  neighbourhood  of  the  head ;  organs  of  sight,  hearing,  smell,  and  taste,  make  their 
appearance,  until  in  the  highest  forms  of  molluscous  animals  we  find  the  organs 
of  the  senses  as  highly  developed  as  in  many  of  those  belonging  to  the  highest 
division. 

The  skin  of  these  animals  generally  lies  loosely  about  the  body,  so  as  to  form  a  sort 
of  cloak  or  mantle.  The  mantle 
frequently  possesses  the  power  of 
secreting  a  hard  substance,  well 
known  as  the  shell,  which  serves 
for  the  protection  of  the  creature 
(Fig.  7).  It  increases  with  the 
growth  of  the  animal,  and  varies 
in  form  according  to  the  species 
which  inhabits  it.  ^H^^^^^^^^^^^Hfekw^.:^LJ^^ 

The  intestinal  canal  is  very 
Tariable  in  its  structure,but  always 
presents  two  openings — a  mouth 
and  an  anus;  the  liver  frequently  Fig.  7.— Pond  Snail  {Lymneea). 

attains  a  very  great  degree  of  development. 

The  circulatory  system  is  generally  very  highly  organized ;  a  heart,  often  divided 
into  several  compartments,  with  arteries  and  veins  penetrating  all  parts  of  the  body, 
exi^Jing  in  nearly  aU  the  Mollusca.     The  blood  is  colourless,  or  nearly  so. 

The  Mollusca  are  oviparous  animals ;  the  male  and  female  organs  are  frequently  in 
separate  individuals,  although  many  species  are  hermaphrodite. 

In  the  fifth  and  highest  division  of  the  animal  kingdom  we  meet  with  a  series  of 
organs  to  which  nothing  similar  occurs  in  the  groups  which  have  already  passed  under 
review. 

All  these  animals  possess  a  nervous  system,  consisting  essentially  of  a  brain,  inclosed 
within  a  bony  case,  the  skull,  beneath  which  the  oesophagus  passes,  and  a  single  cord 
of  nervous  matter,  originating  from  the  lower  part  of  the  brain,  passing  through  a  largo 
hole  in  the  base  of  the  skull,  and  running  down  through  a  bony  canal,  formed  by  the 
vertebral  column,  of  which  the  skidl  is,  in  fact,  only  the  anterior  portion.  As  this  set 
of  organs,  the  brain  and  the  spinal  cord,  the  skull  and  the  vertebral  column,  whilst 
possessed  by  no  other  animals,  is  constantly  present  in  these,  its  existence  will  always 
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serve  to  distinguish  them  from  the  rest  of  the  animal  kingdom.     They  are  accordingly 
called  vertebrate  animahj  and  the  division  which  they  form,  Vertebrata. 


Fig.  8.— Skeleton  of  the  Dugong. 

"'  These,  however,  are  not  the  only  characters  possessed  in  common  hy  vertebrate 
animals.  The  vertebral  column  forms  only  a  portion  of  an  internal  bony  framework 
or  skeleton,  which  serves  for  the  support  of  the  soft  portions  of  the  body ;  and  by  fur- 
nishing the  necessary  points  of  attachment  for  the  muscles,  assists  in  effecting  the 
movements  of  the  animal.  This  framewoik  generally  consists  of  the  vertebral  colmntty 
including  tho  skull;  the  Jaws,  which  are  regforded  as  appendages  of  the  vertebrae, 
of  which  tho  skull  is  considered  to  be  composed ;  the  ribSf  a  series  of  bony  arches, 
articulated  at  one  eztnemity  with  the  bones  of  the  vertebral  column,  and  at  the  otlier 
either  attached  to  a  central  bony  piece,  the  sternum^  or  lying  perfectly  free  in  the  tissues 
of  the  body  ;  and  the  Utnha^  which  are  never  more  than  four  in  number.  The  jaws  in 
these  aTiimals  always  separate  in  a  vertical  direction,  so  that  the  opening  of  the  mouth 
is  transverse.  They  all  have  red  blood,  and  a  muscular  heart.  Their  reproduction,  is 
sexual,  and  the  sexes  are  never  united  in  the  same  individual. 

The  animals  constructed  upon  this  type  are  the  most  highly  organized  of  living 
beiugs.  In  no  others  is  the  nervous  matter,  the  seat  of  sensation,  intelligence,  and 
volition,  presented  in  so  concentrated  a  form— in  none  are  the  senses  so  perfect^  or  the 
various  functions  of  the  animal  economy  so  completely  isolated. 

We  thus  see  that  animals  are  constructed  upon  five  primary  types  or  plans,  of  which 
all  the  varied  forms  presented  by  these  creatures  are  but  modifications,  as  though  the 
Creator  in  designing  the  animal  world  had  imposed  upon  himself,  in  the  beginning, 
certain  fixed  rules,  from  which  he  would  not  swerve. 

In  this  manner  we  get  five  groups,  each  of  which  leads  us  a  step  higher  than  the 
others  ;  although  it  is  by  no  means  to  be  supposed  that  we  have  here  that  gradually 
ascending  chain  of  beings  so  much  talked  of,  in  which  every  species,  fix)m  the  lowest 
to  the  highest,  is  supposed  to  form  a  link.  It  is  merely  in  their  most  highly  orgaiuzed 
members  that  the  mutual  superiority  or  inferiority  of  these  divisions  can  be  rccogixiz^ ; 
and,  as  a  general  rule,  it  may  be  said,  at  all  events  for  the  Eadiata,  Articulata.  and 
Mollusca,  that  the  highest  members  of  each  group  are  considerably  more  perfecUy 
organized  than  the  lower  membeis  of  the  others.  The  Protozoa  and  Vertebrata  appear 
to  be  exceptions  to  this  rule ;  for  the  most  highly  organized  of  the  foormer  can  scarcely 
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be  regarded  as  superior  even  to  the  lowest  farms  of  the  other  divisions ;  whilst  the 
fishes,  which  constitute  the  lowest  members  of  the  vertebrate  division,  still  appear  to 
be  more  highly  organized  than  the  highest  Mollusca. 
These  five  divisioins  may  therefore  stand  as  follow : — 

V.   VeBTEBRATA.  m 

IV.  MoLLUfiCA.  III.  Abticulata.  II.  Eadiata. 

I»  PnOTOZOA. 


]  Division  I.— Protozoa. 

I       Genexml  Chazactezs.— This  first  division  of  the  animal  kingdom  includes  a 

1  number  of  creatures  of  a  very  low  type  of  organization,  which  appear  almost  to  occupy 

;  a  sort  of  neutral  ground  between  animals  and  vegetables. 

The  bodies  of  these  fl.nima1s  consist  either  of  a  simple  elementary  cell,  with  its  con- 
tents, or  of  an  aggregation  of  several  of  these  ceUs ;  each,  however,  stiU  appearing  to 

I  retain  its  independent  existence.     They  are  generally  of  very  minute  size,  and  only  to 

I  be  observed  with  the  microscope. 

It  is  in  vain,  to  seek  in  these  creatures  for  any  internal  organs.     They  are  entirely 

,  destitute  of  nervous  and  vascular  systems ;  and  the  highest  form  of  alimentary  apparatus 

,  which  is  to  be  found  in  them  consists  only  of  a  mouth  and  a  short  oesophagus.  In 
many  of  them,  however,  no  trace  of  any  alimentary  canal  is  to  be  discerned ,  and  these 
either  live  by  imbibing  fluids  through  their  outer  surface,  or  by  the  amalgamation  of 
solid  substances  with  the  gelatinous  mass  of  which  they  are  composed.  This  gelatinous 
matter,  which  has  been  termed  sarcode  by  M.  Dujardin,  frequently  has  vacant  spaces 
like  small  bladders  in  various  parts  of  its  substance :  these  appear  and  disappear 
according  to  circumstances  or  the  will  of  the  animal.  They  have,  nevertheless,  been 
mistaken  by  Ehrenberg  and  other  observers  for  so  many  stomachs,  although  no  one  has 
ever  attempted  to  prove  the  existence  of  an  intestinal  canal  uniting  them. 

Almost  all  these  creatures  live  in  water :  a  few  only  inhabit  the  intestines  of  other 
animals.  They  generally  present  the  appearance  of  a  transparent  gelatinous  cell,  in 
the  midst  of  which  a  more  or  less  distinct  nucleus  is  to  be  observed.  In  addition 
to  this  nucleus,  one  or  more  clear  pulsating  spaces  may  be  distinguished  in  the 
interior  of  the  ceUs.  These  appear  in  some  degree  to  effect  a  sort  of  circulation  of  the 
soft  substance  of  the  body,  and  may,  therefore,  be  regarded  as  the  first  shadowing  forth 
of  a  circulatory  system.  Many  of  them  approach  very  closely  in  their  structure 
to  the  germs  given  off  by  some  of  the  lowest  forms  of  aquatic  plants,  which, 
singularly  enough,  possess  quite  sufficient  locomotive  power  to  enable  them  to  pass  for 
animals  when  the  observer  is  unable  to  trace  their  development ;  indeed,  many  of  them 
have  been  described  as  belonging  to  the  present  group.  It  is  very  probable,  in  fact, 
that  a  great  number  of  the  creatures,  still  included  in  this  division  by  naturalists,  will 
prove,  on  farther  investigation,  to  be  vegetable  organisms. 

The  reproduction  of  these  animals  is  generally  effected  by  the  division  of  the  sub- 
stance of  the  creature  itself.  In  some  instances  two  of  them  combine  to  form  a  single 
cell,*  which  afterwards  splits  up  to  allow  the  escape  of  a  number  of  young  cells.  The 
diyision  always  commences  in  the  nucleus  above-mentioned. 

Some  Protozoa  are  also  propagated  by  the  division  of  their  substance  in  a  different 
manner.    A  small  bud  shoots  out  from  some  portion  of  the  body,  which  gradually 
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becomes  developed  until  it  resembles  its  parent,  when  it  is  nsually  cast  off  to  shift  for 
itself. 

Many  of  these  animals,  simple  as  they  may  appear,  have  yet  the  faculty  of  pro- 
ducing a  shelly  covering  for  the  support  and  protection  of  their  gelatinous  bodies ;  and 
these  are  not  wii&out  their  importance  in  the  geological  history  of  our  planet.  The 
chalk  hills,  whose  cliffs  are  so  characteristic  of  the  south-eastern  coast  of  this  country, 
consist  almost  entirely  of  the  sheUy  coats  of  innumerable  multitudes  of  these  minute 
creatures. 

The  sponges,  perhaps  the  lowest  forms  in  which  animal  existence  is  presented  to 
our  observation,  are  to  be  placed  in  this  division,  as  they  are  also  found  to  consist 
essentially  of  an  aggregation  of  nucleated  cells.  It  has  often  been  considered  doubtful 
whether  these  creatures  are  really  animal  organisms,  as  in  many  points,  and  especially 
in  their  mode  of  propagation,  they  very  closely  resemble  the  lowest  forms  of  plants. 
Their  true  nature  has  long  been  a  moot-point  with  naturalists ;  and  by  some  zoo- 
logists they  are  altogether  rejected  from  the  animal  kingdom,  although  the  most 
recent  researches,  and  especijdly  those  of  M.  Laurent,  and  of  Mr.  Carter,  appear  to 
establish  their  animal  nature  beyond  a  doubt. 

Division. — The  Protozoa  are  divided  into  three  classes.  In  the  first,  to  which 
the  name  of  Rhizopoda  has  been  given,  the  body  is  composed  entirely  of  the  gelati- 
nous matter  above  mentioned.  The  surface  is  not  furnished  with  cilia,  motion  being 
effected  by  the  extension  of  portions  of  the  substance  into  filaments  or  processes  of 
various  forms.  These  creatures  are  either  solitary  or  aggregated.  In  the  latter  case 
the  compound  animal  is  inclosed  in  a  chambered  shell,  each  individual  cell-body  occu- 
pying its  own  chamber. 

The  second  class,  including  the  sponges,  consists  entirely  of  associated  ceU  animals  ; 
the  individual  cells  resembling  those  of  the  preceding  class  in  their  power  of  extending 
.  the  substance  of  their  bodies  in  all  directions ;  but  in  this  class  they  are  united  by  a 
mucilaginous  intercellular  substance,  and  supported  upon  a  homy  framework.  From 
the  masses  formed  by  these  creatures  being  perforated  in  every  part  with  minute  orifices, 
they  have  received  the  denomination  of  Pobipera. 

The  animals  constituting  the  third  class  of  the  Protozoa  have  been  called  Infusoria, 
from  the  circumstance  that  they  were  originally  discovered  in  infusions  of  vegetable 
matter  exposed  to  the  air  for  a  short  time.  They  are  generally  solitary  unicellular 
animals,  and  differ  from  the  Khizopoda  in  having  the  outer  surface  of  the  body  of  a 
somewhat  firmer  consistence  than  the  rest  of  their  substance.  They  are  usually  fur- 
nished with  a  mouth,  and  their  movements  are  effected  by  means  of  cilia,  or  of  one  or 
more  long  filiform  appendages  attached  to  one  extremity  of  the  body. 

Class  I. — Ehizofoda. 

In  the  deposit  formed  at  the  bottom  of  fresh-water  ponds,  we  may  often  meet  with 
a  singular  minute  gelatinous  body,  which  constantly  changes  its  form  even  under  our 
eyes,  and  moves  about  in  its'  native  element  by  means  of  finger-like  processes,  which  it 
appears  to  have  the  power  of  shooting  out  from  any  part  of  its  substance.  This  shape- 
less gelatinous  mass  is  an  animal,  the  Amosba  diffluens  (Fig.  9),  well  known  to  micro- 
scopic observers  under  the  name  of  the  Proteus,  from  the  continual  changes  of  shape 
which  it  presents  to  our  notice.  It  consists  entirely  of  the  granular  gelatinous  matter 
already  mentioned  as  sarcode,  and  appears  to  be  nearly  homogeneous  in  its  texture ;  that 
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Fig.  9.— Amijeba,  380  diameters. 


is  to  say,  the  outer  surface  exhibits  no  signs  of  being  bounded  by  aay  distinct  mem- 
brane or  layer  of  a  firmer  consistence  than  the  rest 
of  the  body. 

With  the  exception  of  the  pulsating  clear 
space,  vhich  has  already  been  referred  to  as  appa- 
rently constituting  the  first  traces  of  a  circu- 
latory system,  and  the  nucleus,  which,  as  we 
haye  seen,  is  so  essential  a  portion  of  the  Pro- 
tozoan animal,  no  indications  of  any  internal 
organization  are  to  be  recognised  in  this  creature ; 
for  it  possesses  neither  mouth  nor  intestinal  canal. 
It  is  not  to  be  supposed,  however,  that  the  animal 
keeps  a  perpetual  fast,  or  that  its  food  is  entirely 
of  a  fluid  nature.  On  the  contrary,  it  appears  to 
be,  in  its  small  way,  of  an  exceedingly  yoracious 
disposition,  seizing  upon  any  minute  aquatic  ani- 
mals or  plants  that  may  come  in  its  way,  and  ap- 
propriating them  to  the  nutrition  of  its  own  gelatinous  person.  The  mode  in  which  this 
tender  and  apparently  helpless  creature  effects  this  object  is  very  remarkable.  The  gela- 
tinous matter  of  which  it  is  composed  is  capable,  as  we  haye  seen,  of  extension  in  every 
direction ;  accordingly,  when  the  Anueba  meets  with  anythiog  that  it  regards  as  suitable 
for  its  support,  the  substance  of  the  creature,  as  it  were,  grows  round  the  object  imtil 
this  is  completely  inclosed  within  the  body,  when  it  is  gradually  dissolved.  The  sub- 
stances swallowed,  if  such  a  term  be  admissible,  by  this  hungry  mass  of  jelly,  ore  often 
so  large,  that  the  creature  itself  only  seems  to  form  a  sort  of  gelatinous  coat  inclosing 
its  prey ;  an  instance  of  this  is  shown  at  ^  in  the  above  figure. 

This  curious  animal  presents  us  with  the  essential  characters  of  the  class  Rhizopoda 
in  their  simplest  form.  All  the  other  members  of  the  class  resemble  it  in  the  texture 
of  the  body,  and  in  the  mode  by  which  progression  and  nutrition  are  effected,  however 
they  may  differ  in  other  respects.  In  many  cases,  indeed  in  the  majority,  the  creatures 
ore  inclosed  in  a  shell  or  shield,  from  which  the  filamentous  processes  above  described 
as  the  means  by  which  motion  is  effected,  are  protruded  through  one  or  more  holes 
pierced  in  the  shell  for  this  purpose.  These  processes  themselves  vary  very  considerably 
in  form,  being  sometimes  thick  and  finger-like,  as  in  the  Amaba ;  in  other  instances 
thinner,  variously  branched,  and  often  most  intricately  anastomosed. 

The  Rhizopoda  are  all  aquatic  animals.  Some  live  in  fresh  water,  but  by  far  the 
greater  number  inhabit  the  sea.  Although  a  few  of  them,  like  the  Ammha,  are  solitary, 
the  class  consists  principally  of  associated  animals ;  that  is  to  say,  of  masses  of  indi- 
viduals, forming,  as  it  were,  a  common  body,  but  each  still  retaining  its  independent 
existence. 

This  difference  of  habit  affords  us  the  means  of  dividing  this  class  into  two  orders. 
The  first,  the  Monosomatia,  contains  those  Rhizopoda  which  only  consist  of  a  shiglc 
animal ;  they  are  either  entirely  naked  or  inclosed  in  a  capsule  with  a  single  opening 
for  the  extrusion  of  the  motor  filaments. 

Of  the  naked  forms,  constituting  the  family  ProieidtB,  we  have  already  had  an 
example  in  the  Amoeba ;  and  the  other  members  of  the  group  present  very  similar 
characters. 

The  solitary  Rhizopoda^  furnished  with  a  homy  shcU  or  capsule,  forming  a  more  or 
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less  complete  case  for  the  animal,  constitute  the  family  Areellida.  The  filamentous 
processes  by  which  motion  is  effected  are  jirotruded  from  a  single  aperture.'  These 
filaments  are  often  much  branched ;  they  may  be  seen  under  the  microscope,  gradually 
extending  themselves,  like  streams  of  very  soft  gelatinous  matter,  which  divide  and 
subdivide  in  every  direction.  In  the  genus  Arcella,  from  which  the  family  derives  its 
name,  the  shell  is  somewhat  of  a  bell-shape,  with  a  very  large  round  opening.  In 
£7iglypha  it  is  of  an  oval  or  flask-like  form,  with  the  opening  at  the  smaller  end.  In 
this  genus  the  shell  appears  as  though  formed  of  a  sort  of  mosaic  of  small  homy  pieces. 
In  Biffiugia  (Fig.  10),  the  shell  is  often  glo- 
bular. 

The  animals  constituting  the  second  order, 
the  Polgthalamia,  are  all  inclosed  in  calcareous 
shells.  These  creatures  are  social ;  the  shelLs 
consisting  of  a  series  of  distinct  chambers, 
which  sometime  communicate  one  with  another, 
and  sometimes  appear  to  be  Completely  closed 
up;  each  of  them  is  supposed  to  contain  a 
separate  and  probably  independent  animal.  It 
s  not  improbable,  however,  that  the  individual 

animals  may  be  so  connected  with  eadi  other,  _,.    ,.    _._    .  ^,  ,   , 

,    ,,  ,.  «,,  .  .'  Fig.  10.— Diflugia Globulosa, 

through  the  mediimi  of  the  openings  communi-  3qq  diameters. 

eating  between  the  cells,  as  to  constitute  a 

common  mass,  with  which  each  animal  is  partially  amalgamated. 

In  some  instances  each  chamber  of  the  common  shell  presents  only  a  single 
external  opening ;  but,  as  a  general  rule,  the  substance  of  the  shell  is  pierced,  like  a  sieve, 
with  numerous  minute  pores,  through  which  very  delicate  filaments  are  protruded. 

AU  the  Polythalamia  inhabit  the  sea ;  and  frequently  occur  in  such  great  numbers 
that  the  fine  calcareous  sand  which  constitutes  the  sea-shore,  in  many  places,  consists 
almost  entirely  of  their  microscopic  coats.  At  former  periods  of  the  earth's  history 
they  existed  in  even  greater  profusion  than  at  present ;  and  their  fragile  shells  form  the 
principal  constituents  of  several  very  important  geological  formations.  Thus  the  chalk 
appears  to  consist  almost  entirely  of  the  shells  of  these  animals,  either  in  a  perfect  state, 
or  worn  and  broken  by  the  action  of  the  waves ;  and  they  occur  in  great  quantities  in 
the  marly  and  sandy  strata  of  the  tertiary  epoch.  The  stone  which  is  universally 
employed  in  Paris  as  a  building  stone  is  almost  entirely  composed  of  the  fossil  shells  of 
an  animal  belonging  to  this  order,  the  JlfiVto^a;  so  that  this  great  city,  of  which  its  inhabi- 
tants used  to  say  that  he  who  had^not  seen  Paris  had  seen  nothing,  owes  its  architectural 
beauties,  at  all  events,  to  these  minute  creatures,  of  which  many  thousands  would 
scarcely  weigh  an  ounce.  Lamarck,  the  great  French  naturalist,  in  referring  to  this 
circumstance,  observes — "  We  scarcely  condescend  to  examine  microscopic  shells,  from 
their  insignificant  size ;  but  we  cease  to  think  them  insignificant  when  we  reflect  that 
it  is  by  means  of  the  smallest  objects  that  nature  everywhere  pioduoes  her  most  remark- 
able and  astonishing  phenomena.  Whatever  she  may  seem  to  lose  in  point  of  voliime, 
in  the  production  of  living  bodies,  is  amply  made  up  by  the  number  of  the  individuals 
which  she  multiplies,  with  admirable  promptitude,  to  infinity.  The  remains  of  such 
minute  animals  have  contributed  much  more  to  the  mass  of  materials  which  compose 
the  exterior  crust  of  the  globe,  than  the  bones  of  elephants,  hippopotami,  and 
whales." 
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From  the  extremely  elegant  stnictnre  of  the  shells  of  these  animals,  M.  Alcide 
d'Orbigny,  who  was  the  first  to  call  the  attention  of  mo^m  naturalists  to  them,  was 
led  to  regard  them  as  microscopic  forms  of  Cephalopodous  MoUnsca,  as  they  presented 
at  first  sight  a  considerate  resemHance,  on  a  small  scale,  to  the  chambered  shells 
formed  by  many  of  those  creatures.  By  M.  d' Orbigny,  and  many  subsequent  naturalists, 
they  were  accordingly  arranged  in  the  class  of  Cephalopoda^  with  animals  possessing  at 
least  as  higli  a  degree  of  organization  as  some  of  the  lower  Vertebrata ;  and  it  was  not 
until  the  year  1835  that  the  researches  of  M.  Dujardin — since  amply  confirmed  by  other 
observers — showed  that  the  creatures  to  which  these  shells  owed  their  construction  were 
rery  nearly  allied  to  the  JLmceba.  Nearly  two  thousand  species  of  these  microscopic 
shells  have  been  described ;  but  it  is  probable  that  many  of  these  will  be  found,  on 
farther  investigation,  to  be  only  forms  of  the  same  animal  in  various  stages  of  develop- 
ment. They  have  been  divided  into- several  families,  characterized  by  the  arrangement 
of  the  chambers  constituting  the  shell. 

In  one,  the  Stichostegidce^  the  chambers  are  placed  end  to  end  in  a  row,  so  as  to  form 
a  straight  or  but  slightly  curved  shell  (Fig.  11).  In  the  second  family,  the  EnaHloste- 
gida,  the  chambers  are  arranged  alternately  in  two  or  three  parallel  lines  ;  and  as  the 
construction  of  the  sheU  is  always  commenced  with  a  single  small  chamber,  the  whole 
necessarily  acquires  a  more  or  less  pyramidal  form  (Fig  12).  The  third  family,  the 
SelicostegidcB,  presents  us  with  some  of  the  most  beautiful  forms  that  we  meet  with  in 
these  shells  (Fig.  13).  They  commence  by  a  small  central  chamber ;  and  each  of  the  sub- 


Fig.  11.  Nodosaria. 


Fig.  12.  Textularia. 


Fig.  13.  Polystomella. 


sequent  chambers,  which  are  arranged  in  a  spiral  form  so  as  to  give  the  entire  shell  much 
the  aspect  of  a  minute  flattened  snail,  is  larger  than  the  one  preceding  it.  It  is  in  this 
family  that  we  £nd  the  nearest  approach,  in  external  form,  to  the  large  chambered  shells 
of  the  Cephalopodous  Mollusca,  of  which  the  Nautilus  and  the  Argonaut  are  examples. 
The  fourth  family,  the  Bntomostegid<By  stand  in  the  same  relation  to  the  preceding,  as 
the  Enalloategidco  to  the  StiehosUgidtB  ;  that  is  to  say,  the  chambers  are  also  arranged  in 
a  spiral  form,  but  in  a  double  series.  A  fifth  family  includes  those  shells  in  which  the 
chambers  are  arranged  round  a  common  perpendicular  axis  in  such  a  manner  that  each 
chamber  occupies  the  entire  laigth  of  the  shell.   The  orifices  of  the  chambers  are  placed 
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alternately  at  each  end  of  the  shell,  and  furnished  with  a  curious  tooth  or  process.  The 
Miliola,  already  mentioned  as  constituting  the  Parisian  huilding  stone,  will  serve  as  an 
example  of  this  family. 

It  is  probable,  although  by  no  means  certain,  that  the  animals  whose  fossil  shells, 
termed  Nummulites,  are  found  in  great  quantities  in  the  chalk  and  lower  tertiary  strata, 
are  also  to  be  regarded  as  members  of  this  class.  No  living  example  of  this  form  of 
animal  has  yet  been  met  with ;  but  in  a  fossil  state  whole  mountains  in  the  neighbour- 
hood of  the  Mediterranean  consist  almost  entirely  of  their  shells  ;  and  the  Pyramids  of 
Egypt,  which  have  been  reckoned  amongst  the  wonders  of  the  world  from  very 
remote  ages,  are  chiefly  built  with  a  limestone  that  is  almost  entirely  composed  of 
Nummulites.  In  the  time  of  Strabo  it  appears  that  the  number  of  these  fossils  in  the 
stones  of  the  Pyramids  had  already  attracted  attention ;  and  he  tells  us  that  the 
then  commonly  received  opinion  with  regard  to  them  was,  that  they  were,  the 
petrified  remains  of  the  lentils  which  had  been  used  as  food  by  the  workmen  employed 
in  the  construction  of  these  vast  edifices.  Herodotus  also  notices  the  occurrence  of 
these  fossils  in  the  Pyramids,  and  gives  the  above  explanation  of  their  origin. 

Class   II. — ^Porifeiia,  ob  Sponges. 

Although  these  animals  are  generally  regarded,  and  perhaps  justly,  as  standing  on 
a  sort  of  debateable  ground  between  the  animal  and  vegetable  kingdoms,  or  at  aU  events 
as  occupying  a  frontier  station  in  the  former  and  approaching  more  closely  to  plants 
than  any  other  animated  beings,  we  have  thought  it  better  to  defer  the  description  of 
their  singidar  structure  and  history  until  the  completion  of  that  of  the  Hhizopoda; 
not  that  the  Sponges  are  necessarily  to  be  regarded  as  more  highly  organized  than  the 
animals  belonging  to  that  class ;  but  because  many  points,  in  their  structure  and  de- 
velopment, are  rendered  far  more  clear  by  a  previous  knowledge  of  such  creatures  as  the 
Amodba  and  its  allies. 

Sponge,  in  the  state  in  which  we  usually  see  it,  consists  of  a  congeries  of  homy 
filaments,  interlaced  in  every  direction  so  as  to  form  a  most  intricate  network 

of  intercommunicating  cells.     According  to 

some  observers,  these  filaments  are  hollow, 

constituting,  in  fact,  so  many  homy  tubes ; 

^  but  the  researches  of  Dujardin  and  of  Mr. 

yl\  \  \      ^^C        / ''  N\  Bowerbank  tend  to  prove  that  this  view  was 

.   /M\\    \W       fj!'     '^    ^         erroneous,   and  that  the  threads^of  which 

sponge  is  composed  are  solid  throughout. 

Imbedded  in  these  threads,  in  the  ma 
jority  of  sponges,  are  a  number  of  very 
minute  needle-shaped  siliceous  or  calcareous 
particles  of  various  forms ;  these  arc  called 
spicula  (Fig.  14).  In  most  cases,  the  spicula 
are  simply  of  an  acicular  form,  slender  and 
cylindrical,  and  pointed  at  both  ends.  In 
other  instances  they  have  a  small  knob  at 
one  end,  whilst  the  opposite  extremity  is 
pointed,  giving  them  exactly  thej[appear- 
anoe  of  minute  pins ;  in  others  again,  we  find  "one  end^transformed  into  a  fork  with 


Fig.  14.— Formsof  SpiculcD. 
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two  or  even  three  prongs ;  or  the  whole  spiculum  consists  of  three  or  four  spines  of 
equal  length. 

In  spite  of  their  excessive  minuteness,  these  spicula  appear  to  he  really  small  tuhes, 
closed  at  both  ends ;  for,  according  to  Dr.  Grant,  to  whose  researches  we  are  indebted 
for  much  yaluable  information  upon  the  structure  and  physiology  of  these  simple  crea- 
tures, *^  when  the  spicula  are  examined  through  the  microscope,  after  exposure  to  heat, 
we  distinctly  perceive  a  shut  cavity  within  them,  extending  from  the  one  point  to  the 
other ;  and  on  the  inflated  part  of  each  spiculum  we  observe  a  ragged  opening,  as  if>  a 
portion  had  been  driven  out  by  the  expansion  of  some  contained  fluid.  In  those  spi- 
cula which  had  suffered  little  change  of  form  by  their  incandescence,  I  have  never  failed 
to  observe  the  same  cavity  within,  extending  from  one  end  to  the  other,  and  a  distinct 
open  rent  on  their  side,  by  which  the  contained  matter  has  escaped  before  the  usual 
globular  distension  had  taken  place." 

This  framework,  with  its  contained  spicula,  is,  however,  only  a  sort  of  homy  ske- 
leton, on  which  the  true  living  portion  of  the  sponge  is  supported.  This  consists  of  a 
coating  of  gelatinous  matter,  which  is  spread  over  all  the  fibres  of  the  reticulated 
skeleton ;  its  consistence  is  very  like  that  of  the  white  of  an  egg,  and  it  runs  freely 
away  from  the  sponge  when  the  latter  is  taken  out  of  the  water. 

But  when  examined  under  the  microscope,  this  gelatinous  coating  is  found  to  con- 
sist entirely  of  an  immense  number  of  aggregated  sarcode-cells,  exactly  resembling  the 
animal  described  under  the  name  of  Amaba,  as  the  simplest  type  of  the  Rhizopoda. 
Like  that  curious  creature,  each  of  these  cells  appears  to  possess  a  perfectly  independent 
existence ;  each  presents  one  or  more  contractile  spaces ;  and  even  when  detached  from 
the  mass  of  its  fellows,  enjoys  the  faculty  of  motion  by  the  extension  of  its  substance 
in  various  directions.  Such,  at  least,  is  the  case  in  the  fresh- water  sponges,  or  Spon- 
giUay  the  history  of  which  has 
been  most  admirably  detailed  by 
Mr.  H.  J.  Carter,  of  Bombay, 
from  whose  memoirs  the  follow- 
ing particulars,  as  to  the  structure 
and  development  of  these  crea- 
tures, are  principally  derived  :— 

"The  sarcode  cells  above- 
mentioned  are  imbedded  in  an 
intercellular  substance,  to  which 
the  homy  framework  supporting 
the  sponge  appears  to  owe  its 

origin.     The  cells,  whilst  still  .  .     „ 

imbedded  in  this  ^nucikginous  ^ig.  16.-Section  of  a  Living  Sponge, 

substance,  are  constantly  changing  their  form ;  and  as  when  separated  from  the  common 
mass  they  are  seen  to  take  nutritive  substances  into  their  bodies  in  the  same  manner 
as  the  Amaba/it  is  very  probable  that  the  same  phenomena  occur  when  the  creatures 
are  still  in  situ. 

A  glance  at  a  piece  of  common  sponge  will  show  that  its  surface  is  everywhere 
perforated  with  an  infinite  number  of  minute  holes,  amongst  which  a  considerable 
number  of  large  openings  are  scattered.  When  a  spongc^is  examined  in  a  living  state, 
a  rapid  stream  of  water  may  bo  observed  issuing  constantly  fr'om  these  larger  orifices. 
This  excurrent  stream  of  water  is  rendered  observable  by  the  fact  that  it  bears  with  it 
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a  ntunber  of  mmute  particles  from  the  interim  of  the  sponge  (Fig.  16).  This  Tfater  is 
imbibed  through  the  minute  pores  distributed  in  such  profusion  over  the  entire  surlace 
of  the  sponge ;  after  passing  through  these,  and  traversing  the  cavities  formed  in  every 
direction  by  the  reticulated  structure  of  the  mass,  it  is  collected  into  canals,  by  which 
it  is  finally  conducted  to  the  larger  openings  of  the  surface. 

The  primary  objects  of  this  continual  flow  of  water  through  the  substance  of  the 
sponge  appear  to  be  two-fold ;  first,  the  conveyance  to  the  individual  cells  of  which  the 
living  portion  of  the  sponge  consists,  which  may  be  regarded  as  so  many  stationary 
animalcules,  the  minute  particles  of  nutritive  matter  necessary  for  their  support  aad 
that  of  the  general  mass ;  and,  secondly,  the  removal  of  f seoal  matter  from  the  interior 
of  the  sponge.  But  nutrition  and  the  removal  of  ef£&te  materials  are  not  the  only 
purposes  to  which  it  is  applied — ^respiration,  which,  judging  from  analogy,  is  as 
necessary  to  the  sponges  as  to  other  animals,  must  be  effected  by  the  medium  of 
this  current;  and  it  also  fulfils  a  very  important  part  in  the  propagation  of  the 
species. 

But  although  the  imbibition  and  expulsion  of  water  by  the  sponges  has  long  been 
known,  its  oause  long  evaded  the  most  persevering  scrutiny  of  zocdogists.  By  tiie 
older  writers  it  was  believed  that  the  sponge  possessed  the  power  of  sucking  in  the 
water  through  the  larger  orifices,  and  expelling  it,  after  the  lapse  of  a  certain  time, 
through  the  same  openings  by  which  it  had  penelarated  its  substance.  Thus  Linmseus 
says — "Spongia  foraminibus  respirat  aquam."  Dr.  Grant,  however,  a  good  many 
years  since  showed  that  the  currents  were  continuous,  and  in  one  direction,  aHhough 
he  failed  to  ascertain  the  means  by  which  the  motion  of  the  fluid  was  produced.  The 
opinion  generally  entertained,  and  indeed  the  only  one  by  which  this  phenomenon 
eould  be  at  all  accounted  for,  attributed  the  production  of  the  current  to  the  action  of 
cilia ;  and  this  view  has  recently  been  confirmed  by  some  interesting  (Observations  of 
Mr.  Bowerbank's,  upon  a  very  curious  species  of  8p(»ige,  [the  Grantia  comprtssa 
(Fig.  17),  not  uncommon  upon  some  parts  of  our  coasts. 

This  littie  sponge  co&siste  of  a 
sort  of  white  bag,  Conned  of  a  thin 
spongy  tissue,  su^ended  by  a  nar- 
row base,  but  exhibiting  great 
variety  in  form.  In  its  simplest 
state  it  is  a  small  fusifbrm  sac  (a), 
with  a  single  large  opening  at  the 
apex ;  but  when  larger  it  aicquires 
a  more  or  less  triangular  pentagonal 
or  hexagonal  form,  with  a  large 
opening'at  each  of  the  angles.  The 
general  surface,  as  in  all  sponges, 
is  perforated  with  innumerable 
minute  pores,  through  which  the 
water  passes  into  the  internal  ca- 
vity, whence  it  is  expelled  through 
the  larger  openings.  On  cutting 
open  this  sponge,  and  examining  it  with  a  magnifying  power  of  about  500  diameters, 
Mr.  Bowerbank  found  its  inner  surface  to  consist  of  a  number  of  angular  cells,  formed 
by  triradiate  spicula,  and  terminated  by  a  sort  of  perforated  diaphragm,  through  which 


Fig.  17.— Grantia  compressa. 
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tke  cilia  ooidd  be  seen  in  action.  To  obtain  a  transyene  section  of  the  substance  of  the 
sponge,  he  was  compelled  to  tear  it  across  as  carefully  as  possible,  and  to  examine  the 
torn  edges,  when  he  found  that  a  chamber  extended  from  the  diaphragm  just  mentioned 
to  immediately  within  the  incurrent  orifices ;  this  was  lined  with  tesselated  cells,  many 
of  which  apparently  bore  yery  long  ciliary  organs,  constantly  waving  to  and  fro,  in 
spite  of  tho  rather  rough  treatment  to  which  they  had  been  subjected.  The  cells,  when 
detached  from  the  parent  mass,  stiU,  in  many  cases,  retain  the  organs  by  which  this 
motion  in  tho  water  is  produced.  In  this  state  they  bear  a  considerable  resemblance  to 
some  infusorial  animalcules  fUmishcd  with  a  long  filiform  appendage. 

The  propagation  of  the  sponge  is  effected  in  yarious  ways.  In  some  cases,  little 
ciHated  gemmules  are  produced  in  the  gelatinous  mass  coating  the  fibres  of  tho  sponge ; 
and  after  a  certain  i>eriod,  becoming  detached  from  the  parent,  are  borne  out  through 
the  large  orifices  by  the  action  of  the  current  already  described.  After  this  exclusion 
they  swim  about  for  some  time,  presenting  a  pretty  close  resemblance  to  some  of  tho 
infasorial  animalcules.  Bat  this  life  of  freedom  is  not  of  yery  long  duration ;  the  little 
gemmule  selects  its  place  of  attachment,  fixes  itself,  and  gradually  becomes  deyelopcd 
into  a  perfect  sponge. 

In  HiB^Spongilla,  a  somewhat  different  mode  of  reproduction  occurs.  Seed-like 
bodies  are  produced^in  the'substance  of  the  sponge,  and  always  in  the  central  or  first- 
foimed  portion.  These,  in  their  earliest  stages,  consist  of  several  cells,  merely  united 
together  into  a  globular  or  oyoid  mass,  lying  freely  in  cavities  of  the  substance  of  the 
sponge.  By  degrees  this  mass  of  cells  acquires  a  more  definite  form,  and  becomes 
enveloped  in  a  capsule,  on  the  surfaee  of  which,  after  a  time,  a  finer  crust  of  silicious 
spicula  is  developed  (Fig.  18). 

The  spicula  vary  in  form  in  the  different  s}>ecies  of  SpongiUa ;  in  that  from  which 
the  annexed  figures  are  derived,  they 
are  arranged  perpendicularly  to  the  ^ 

surface  of  the  capsule,  and  dilated  at    /oP^^  \    ^    ./ 

each  end  into  a  stellate  disc  {e) ;  in  -  r\    ^'  - 

others  they  have  no  such  regular 
arrangement;  they  are  more  or  less 
curved  and  pointed,  and  either  smooth 
or  spinous. 

The  cells  (b)  inclosed  within  this 
silicious  crust  also  imdergo  a  con- 
siderable change  in  their  progress 
towards  maturity';  they  become  nearly 
equal  in  sixc,  and  the  granules  con- 
tained in  them  (a),  whidi  originally 
resemUed  the  granules  of  the  ordinary 
sponge-cell,  acquire  four  or  five  times  ^''«'  IS.-DeTelopment  of  SpongiUa. 

this  size.     The  capsule  and  silicious   o,  germs  from  cell ;  6,  cell  containing  germs ;  d,  spi- 
/>Kx.o4- «i..w»<r,«  i.«^^  «  fl»^«ii  ^^.v-r..'..^ /.'\         culura;  «,  one  of  its  terminal  discs;  /,  spicular 
crust  always  have  a  smaU  opening  (i),       crust ;  g,  capsule ;  A,  cells  j   »,  infundibular  open- 
through  which  the  contents  of  t^e      ing. 
seed-like  body  may  escape. 

When  the  cells  are  pressed  out  of  the  cavity  of  the  capsule  under  water,  they  soon 
swell  up  and  burst ;  the  germs  contained  in  them  becoming  gradually  diffused  over  the 
bottom  of  the  vessel  in  which  they  are  kept.     These  germs  are  of  very  minute  size ; 
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the  largest  of  them  not  measuring  more  than  1 -3000th  of  an  inch  in  diameter.  In 
form  they  present  some  resemblance  to  the  corpuscles  of  the  blood.  In  a  few  days  the 
germs  are  found  to  have  collected  into  separate  groups,  each  inclosed  in  a  mucilaguious 
substance.  From  these  germs  active  animalcules  are  produced,  exactly  resembling  the 
cells  of  which  the  gelatinous  substance  of  the  mature  sponge  is  composed,  and  possessing 
the  same  power  of  locomotion  by  the  extension  of  different  parts  of  the  body,  even  in  a 
greater  degree.  These  creatures,  in  fact,  exhibit  considerable  activity;  and  during 
progression  their  bodies  often  assimie  the  most  fantastic  forms.  Their  appetite  also 
appears  to  be  of  the  most  voracious  description.  Of  this  Mr.  Carter  relates  several 
curious  instances ;  in  one  case  he  "saw  one  of  these  proteans  approach  a  gelatinous 
body,  something  like  a  sluggish  or  dead  one  of  its  own  kind,  and  equal  to  itself  in  aize ; 
and  having  lengthened  itself  out  so  as  to  encircle  it,  send  processes  over  and  imder 
it  from  both  sides,  which,  uniting  with  each  other,  at  last  ended  in  a  complete  approxi- 
mation of  the  two  opposite  folds  of  the  cell-waU,  throughout  their  whole  extent,  and  in 
the  inclosure  of  the  object  within  the  duplicature.  Even  while  the  protean  was  thus 
spreading  out  its  substance  into  a  mere  film,  to  surround  so  large  an  object,  a  tubular 
prolongation  was  sent  out  by  it  in  another  direction,  to  seize  and  inclose  in  the  same 
way  a  large  germ  which  was  lying  near  it.  After  having  secured  both  objects,  the 
protean  pursued  its  course  rather  more  slowly  than  before,  but  still  shooting  out  its 
dentiform  processes  with  much  activity.  It  took  about  three  quarters  of  an  hour  to 
perform  these  two  acts."  ^ 

Not  unfrequently  combats  take  place  between  two  of  these  singular  creatures,  when, 
if  the  size  of  the  combatants  be  nearly  equal,  they  merely  twist  about  for  a  short  time 
and  then  separate  ;  but  if  there  be  any  great  disparity  in  bulk,  the  larger  one  swallows 
up  his  antagonist  without  remorse.  On  one"  occasion  Mr.  Carter  saw  a  large  protean 
seize  a  small  one  with  its  finger-like  processes,  and  pass  it  under  its  body,  so  that  the 
little  one  lay  between  the  body  of  its  captor  and  the  glass  in  which  they  were  both 
inclosed.  "  For  a  moment,"  says  Mr.  Carter,  "  the  small  protean  remained  in  this 
position,  when  the  ceU-waJl  raised  itself  over  it  in  the  form  of  a  dome,  in  which  so- 
formed  cavity  the  little  protean  began  to  crawl  round  and  round  to  seek  for  an  exit; 
gradually,  however,  the  cell-wall  closed  in  beneath  it  in  the  manner  of  a  sphincter,  and 
it  was  carried  up,  as  it  were,  into  the  interior  of  the  cell,  securely  inclosed  in  a  globular 
transparent  cavity  resembling  a  hyaline  vesicle,  but  much  larger." 

The  gelatinous  matter  with  which  these  groups  of  geiins  are  invested  appears  to  be 
identical  with  the  intercellular  substance  of  the  mature  sponge.  After  a  time,  threads 
of  it  begin  to  extend  in  straight  lines  on  the  surface  of  the  glass,  and  connect  the  different 
masses  of  germ-cells. 

[  The  curious  phenomena  just  described — ^indicating  a  much  higher  degree  of  vital  power 
than  we  should  at  first  sight  be  disposed  to  attribute  to  such  an  apparently  inert  mass 
as  a  sponge — are  produced  in  a  somewhat  artificial  manner ;  although  there  is  every 
reason  to  believe  that  the  same  thing  takes  place  naturally;  and  that  at  certain  seasons 
the  waters  inhabited  by  the  Spongillce  must  swarm  with  germs  escaped  from  their  cells, 
and  only  seeking  a  suitable  support  on  which  to  be  developed  into  sponges.  But  it 
appears  that  the  seed-like  bodies  possess  yet  another  mode  of  development ;  for  if  one 
of  them,  when  mature,  be  placed  in  water,  it  attaches  itself  to  the  surface  of  the  vessel 
v-'hich  contains  it  by  means  of  a  substance  that  issues  through  the  opening  in  the  capsule 
already  mentioned.  In  this  substance,  when  examined  by  the  microscope,  cells  similar 
to  those  existing  in  the  perfect  sponge  may  be  recognised,  and  the  mass  gradually 
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becomes  developed  into  a  compound  creature  resembling  the  parent  from  which  it 
sprung. 

As  might  be  expected  from  the  structure  of  these  animals,  they  manifest  but  little 
indication  of  any  general  sensibility.  It  has  indeed  been  stated  that  a  shock,  by  which 
the  entire  mass  is  simultaneously  affected,  will  produce  a  very  distinct  effect  upon  it. 
Thus  it  is  said  that  if  a  piece  of  the  Spongilla  be  allowed  to  fall  into  water  from  the 
height  of  a  few  inches,  or  otherwise  exposed  to  the  influence  of  a  sudden  shock,  the 
prominent  portions  in  which  the  vents  are  situated  immediately  contract  very  consi- 
derably, until  the  orifices  are  nearly  closed.  Other  observers  have  declared  that 
although  no  movement  of  contraction  may  be  visible  in  a  sponge,  yet  when  the  hand 
is  laid  upon  it  under  water  a  peculiar  tingling  sensation  is  felt — due,  they  suppose,  to 
some  movement  in  the  individual  particles  constituting  its  mass.  This  is  rendered 
more  probable  by  the  consideration  of  the  structure  of  the  gelatinous  coating  of  the 
sponge  as  already  described. 

Sponges  grow  attached  to  almost  everything  which  may  serve  them  as  a  point  of 
support,  whether  fixed  or  floating ;  some  cover  rocks,  shells,  and  other  submarine 
objects,  with  a  close  spongy  incrustation ;  whilst  others  shoot  up  a  branched  stem  into 
the  water;  and  others  again  hang  fi-eely  from  the  seaweeds  floating  in  the  ocean. 
Sometimes  they  select  very  unexpected  objects  on  which  to  take  up  their  abode.  Thus, 
in  one  case  recorded  by  Dr.  Johnston  in  his  "  Natural  History  of  British  Sponges,"  a 
specimen  of  the  KaKchondria  oculata,  a  sponge  not  uncommon  on  some  parts  of  tho 
British  coasts,  was  found  growing  from  the  back  of  a  small  live  crab — "  a  burden," 
says  the  learned  Doctor,  "apparently  as  disproportionate  as  was  that  of  Atlas, — and  yet 
the  creature  has  been  seemingly  little  inconvenienced  with  its  arboreous  excrescence ; 
for  it  is  big  with  spawn  in  a  state  nearly  ready  for  laying !  Indeed  the  protection  and 
safety  which  the  crab  would  derive  from  the  sponge  might  more  than  compensate  the 
hindrance  thus  opposed  to  its  freedom  and  activity.  When  at  rest  its  prey  might 
seek  without  suspicion  the  shelter  afforded  amid  the  thick  branches  of  the  sponge, 
and  become  easy  captives ;  while,  when  in  motion,  scarce  an  enemy  could  recognize 
it  under  such  a  guise,  and  the  boldest  might  be  startled  at  the  sight  of  such  a 
monster." 

Not  the  least  wonderful  circumstance  connected  with  the  history  of  the  sponges  is 
the  power  possessed  by  certain  species  of  boring  into  substances,  the  hardness  of  which 
might  be  considered  as  a  sufficient  protection  against  such  apparently  contemptible 
foes.  SheUs,  both  living  and  dead,  coral,  and  even  solid  rocks,  are  attacked  by  these 
humble  destroyers,  gradually  broken  up,  and,  no  doubt,  finally  reduced  to  such  a  state 
as  to  render  substances  which  would  otherwise  remain  dead  and  useless  in  the  economy 
of  nature  available  for  the  supply  of  the  necessities  of  other  living  creatures. 

These  boring  sponges  constitute  the  genus  Cliona,  and  some  allied  genera.  They 
are  branched  in  their  form,  or  consist  of  lobes  united  by  delicate  stems ;  they  all  buiy 
themselves  in  shells  or  other  calcareous  objects,  preserving  their  communication  with 
the  water  by  means  of  perforations  in  the  outer  wall  of  the  shell.  The  mechanism  by 
which  a  creature  of  so  low  a  type  of  organization  contrives  to  produce  such  remarkable 
effects  is  still  doubtful,  from  the  great  difficulties  which  lie  in  the  way  of  coming  to 
any  satisfactory  conclusions  upon  the  habits  of  an  animal  that  works  so  completely 
in  the  dark  as  the  Cliona — it  will  probably  long  remain  so.  Mi.  Hancock,  to  whom  we 
are  indebted  for  a  valuable  memoir  upon  the  boring  sponges,  published  in  the  "Annals 
and  Magazine  of  Natural  History,"  attributes  their  excavating  power  to  the  presence  of 
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a  multitude  of  minute  silicious  crystalline  particles  adhering  to  the  suz£ace  of  the 
sponge ;  these  he  supposes  to  he  set  in  motion  hy  some  means  analogous  to  ciliary 
action.  In  whatever  way  this  action  may  he  produced,  however,  there  can  he  no 
douht  that  these  sponges  are  constantly  and  silently  affecting  the  disintegration  of 
submarine  calcareous  bodies — ^the  shelly  coverings,  it  may  be,  of  animals  far  higher  in 
organization  than  they ;  nay,  in  many  instances,  they  prove  themselves  formidable 
enemies  even  to  living  Mollusca,  by  boring  completely  through  the  sliell.  In  this  case 
the  animal  whose  domicile  is  so  unceremoniously  invaded,  has  no  alternative  but  to 
raise  a  wall  of  new  shelly  matter  between  himself  and  his  imwelcome  guest;  and  in 
this  manner  generally  succeeds  at  last  in  barring  him  out. 

The  sponges  vary  exceedingly  in  form ;  and  even  the  same  species  often  assumes 
shapes  the  most  different  without  any  apparent  cause.  The  forms  under  which  the 
common  sponge  occur  must  be  familiar  to  all  our  readers ;  and  we  have  already  given 
an  example,  in  the  Grantia  eompressa  (Fig.  17),  of  a  very  different  and  singular  form. 
Other  sponges  are  arborescent,  or  at  all  events  more  or  less  branched,  like  the  Halichon- 
dria  oeulata  (Fig.  18) ;  whilst  others  are  of  a  cup  shape. 

Sponges  occur  in  all  seas,  from  the  equator  to  the  poles ;  but  it  is  in  tropical  climates 
that  they  attain  their  greatest  development,  and  exist  in  the  greatest  abundance. 


Class  III. — Infusoma, 

Oenezal  Chazactezs. — In  passing  from  the  consideration  of  the  preceding  classes 
to  that  of  the  present  group,  we  are  not  called  upon  to  witness  any  very  great  advance 
in  organization.  Nevertheless,  the  differences  between  the  two  classes  are  all  of  a 
nature  to  show  that  the  Infusoria  certainly  constitute  a  step  in  our  progress  towards 
the  higher  forms  of  animals. 

The  microscopic  creatures  constituting  this  class  consist,  it  is  true,  of  the  same 
granular  gelatinous  matter,  or  sarcode,  which  we  have  seen  to  constitute  the  entire 
substance  of  the  Rhizopoda  ;  but  this  no  longer  presents  itself  in  the  form  of  a  mere 
mass  of  jelly :  each  animal  appears  to  be  inclosed  in  a  membrane,  or  layer  of  matter  of 
a  firmer  texture  than  the  rest  of  its  substance ;  and  motion,  which  cannot  be  effected  as 
in  the  preceding  class  by  the  mere  extension  of  portions  of  this  substance  in  any 
desired  direction,  is  now  produced  by  the  action  of  special  organs.  These  organs  are 
of  very  various  construction.  In  some  families  we  meet  with  long,  thread-like 
appaidages,  which  the  animal  twitches  about  in  the  water.  These  organs  are  some- 
times single;  in  other  instances  the  animal  possesses  two  or  more  of  them.  From 
Ehrenberg  they  received  the  denomination  of  proboscis,  although  it  does  not  appear 
that  they  are  in  any  way  connected  with  the  process  of  nutrition;  and  this,  with  other 
opinions  equally  erroneous,  published  by  the  great  microscopist  of  Berlin  in  his  works 
upon  these  animals,  have  been  adopted,  without  inquiry,  by  the  generality  of  subse- 
quent writers  on  natural  history. 

The  most  usual  mode  in  which  motion  is  effected  in  the  Infusoria,  is  by  means  of 
cilia.  The  cilia  are  fine  lappets  or  hairs,  which  exist  either  scattered  or  arranged  in 
regular  series  over  the  whole  surface  of  the  body,  or  are  collected  in  considerable  num- 
bers round  the  orifice  of  the  mouth.  They  are  moveable  at  the  will  of  the  creature,  and 
serve,  according  to  circumstances,  either  as  organs  of  locomotion,  or  for  the  production 
of  whirlpools  or  eddies  in  the  water,  by  means  of  which  the  minute  particles  on  which 
the  animal  feeds  are  brought  withia  its  reach.     In  some  of  the  most  highly  organised 
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creatores  of  this  class  these  ciliary  hairs  become  converted  into  moyeable  bristles  and 
hooks,  by  means  of  which  the  animal  is  enabled  to  crawl  i^^on  fixed  objects  in  the 
water,  and  even  to  execute  distinet  leaps. 

One  striking  di^Gsrence  between  the  ammals  of  the  present  and  those  of  the  Receding 
classes  is,  that  whilst  in  the  latter  by  far  the  greater  part  of  the  animals  are  social  in 
their  habits,  and  in  many  eases  seem  almost  to  possess  a  sort  of  common  existence,  the 
Infutoria  are  aggregated  together  in  only  a  few  instances,  and  generally  consist  merely 
of  a  simple  cell  with  its  nucleus.  Like  the  Rhizopoda,  many  of  these  animals  are  pro- 
vided wil^  a  shell  or  shield ;  this,  however,  is  never  of  a  calcareous  nature,  but  gene^ 
rally  coriaceous  or  homy.  In  one  family  the  animals  are  inclosed  in  silicious  or  flinty 
cases,  of  which  great  numbers  are  to  be  met  with  in  a  fossil  state  in  the  flints  which 
occur  in  such  quantities  in  the  chalk  hills. 

Ehrenberg,  and  after  him  many  zoologists  who  accepted  bothtts  facts  and  opini<ms 
without  sufficiently  examining  into  their  correctness,  attributed  to  these  minute  organ* 
isms,  which  certamly  stand  in  need  of  no  fictitious  interest  to  render  their  history 
attractive  and  wonderful,  a  structure  much  more  complicated  than  that  of  memy  animals 
which  stand  far  higher  in  the  scale  of  organization.  By  these  naturalists  we  are  giv^. 
to  understand  that  a  number  of  small  clear  spaces,  which  are  to  be  observed  in  the 
substance  of  these  creatures,  are  in  reality  so  many  stomachs.  Some  ^Ught  difficulty 
attached  to  this  view,  however,  as  the  most  persevering  researches  failed  in  detecting 
any  evidence  of  an  intestinal  canal  uniting  these  cavities ;  and  like  many  other  con- 
clusions at  which  Ehxenberg  arrived  rather  too  hastily,  this  opinion  of  his,  with  regard 
to  the  f unotions  of  the  vacuoles,  or  dear  spaces  observed  in  the  bodies  of  the  Infusoria^ 
has  been  disproved  on  more  careful  investigation.  Thus  these  vacuoles  are  seen  in 
many  of  these  creatozes  to  pass  round  and  round  the  body,  along  with  the  rest  of  its 
contents,  in  a  manner  that  rmidwn  the  existence  of  the  intestinal  canal,  by  means  oi 
which  they  were  supposed  by  Ehrenberg  and  his  followers  to  be  connected  into  one 
digestivtt  system,  an  utter  impossibility.  They  are  found,  in  fact,  to  consist  simply  of 
small  globtdes  of  fifdd ;  they  exist  in  those  Infusaria  which  are  destitute  of  a  mouth, 
as  well  as  in  those  v^«h  possess  that  organ;  and  they  may  ba  seen  to  disappear  gra- 
dually at  the  fluid  which  oonstltistes  them  is  absorbed  into  liie  gelatinous  mass  of  ih« 
bed^.  Ehrenbdrg,  however,  wai  so  convinced  of  the  existence  of  this  alimentary 
canal,  and  of  the  stomachal  fuaetions  of  the  vacuoles,  that  he  gave  the  name  of  Foly- 
ffostriea,  or  muny-^Utmthed  anuMh,  to  this  class;  and  even  divided  them  into  orders, 
from  the  supposed  Btmctuxe  of  an  iatcstiiie  which  no  one  has  ever  yet  succeeded  in 
discovering. 

The  mode  in  which  nutrition  is  effected  in  those  Infuaoria  which  possess  a  mouth 
will  clearly  show  in  what  manner  this  mistake  has  ansen.  These  creatures  feed  upon 
small  miciosoopic  anunals  and  i^ants,  and  probably  upon  such  minute  particles  of 
decaying  animal  and  vegetable  matt^  as  may  be  suspended  in  the  water  which  they 
constantly  inhabit. 

The  mouth  is  situated  either  at  the  anterior  extremity  of  the  body,  where  it  gene* 
raHy  forms  a  round  opening,  or  at  a  greater  or  less  distance  from  that  extremity  on  the 
ventral  surfece ;  when  in  this  position  it  is  generally  in  the  form  of  an  oval  or  twisted 
slit.  It  is  usually  bounded  by  ciliated  lips,  capable  of  protrusion  and  retraction  at  the 
will  of  the  animal ;  so  that  the  mouth  is  fi^equently  visible  only  daring  the  act  of  eating* 
The  cavity  of  the  mouth  is  continued  into  a  short  oesophagus,  and  both  are  always 
clotlied  with  ddicate  cilia.  The  minute  particles  of  which  the  food  eoasista  are  col- 
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lected  together  by  the  action  of  the  stream  produced  by  the  cilia  of  the  oesophagus, 
until  they  form  a  small  ball,  which  then  passes  through  the  end  of  the  oesophagus  into 
the  yielding  substance  of  the  body.  But  when  imbedded  in  the  parenchyma  these 
balls  occupy  no  particular  place,  but,  like  the  drops  of  fluid  aliment,  follow  the  general 
circulatory  moyement  of  the  gelatinous  mass.  It  will  be  readily  understood  how  the 
imperfect  observation  of  these  facts  led  to  the  supposition  that  the  minute  balls  of 
indigo  or  carmine,  to  be  discerned  within  the  bodies  of  Infusoria  which  had  been  fed 
upon  these  substances,  were  contained  in  permanent  natural  cavities,  hollowed  out  for 
the  reception  of  nutritive  matter,  and  that  the  clear  spaces  were  similar  cavities  or 
stomachs,  which  for  some  reason  had  not  been  charged  with  food ;  but  as  we  find  that 
ihese  apparently  vacant  spaces  not  only  disappear  by  the  absorption  of  their  fluid 
contents  into  the  general  substance  of  the  animal,  but  also  that  not  unfrequently  two 
or  more  of  them  will  fun  together  so  as  to  form  a  single  vacuole,  we  have  pretty  certain 
proof  that  they  are  not  bounded  by  membranous  walls,  and  that  although  there  can  be 
no  doubt  of  the  occurrence  of  the  phenomena  observed  by  Ehrenberg,  the  inferences 
which  he  drew  from  them,  as  to  the  complexity  of  the  structure  of  these  creatures,  are 
quite  untenable. 

In  these  animals,  as  in  the  Bhizopodaj  we  And,  in  addition  to  the  dark  nucleus,  one 
or  several  clear  spaces  which  expand  and  contract  alternately.  These  puUating  spaces 
are  usually  round,  and  sometimes  exist  in  such  numbers  as  to  constitute  a  sort  of  long 
vessel.  In  other  cases  these  spaces  appear  in  the  form  of  a  star,  of  which  sometimes 
the  rays  and  sometimes  the  central  space  disappear  during  contraction.  Although  the 
pulsating  spaces  always  occupy  a  determinate  position,  they  appear  to  be  quite  destitute 
of  membranous  walls,  as  they  may  be  seen  during  violent  contraction  to  divide  into 
two  or  more  parts,  which  afterwards,  during  their  expansion,  again  become  confluent. 
It  seems  probable  that  we  have,  in  these  pulsating  spaces,  the  first  rudiments  of  the 
circulating  system  which  we  shaU  sco  attain  such  a  high  development  in  many  of  the 
higher  animals, — ^that  fluids  are  collected  in  these  vacuoles,  and  then  driven  again 
through  the  spongy  substance  of  which  the  body  consists.  Some  naturalists  have  indeed 
supposed  that  they  may  have  a  communication,  by  means  of  some  very  delicate  vessels, 
with  the  water  in  which  the  animal  swims,  so  that  at  each  contraction,  fluids  might  be 
expelled  from  the  body,  whilst  at  each  dilatation  water  would  be  drawn  in.  This  idea 
is,  however,  as  yet  wholly  unsupported  by  observation,  from  which  all  that  we  can 
learn  is,  that  contractile  organs  do  exist  in  these  creatures ;  and  this,  when  we  consider 
their  minute  size,  is  in  itself  a  circumstance  which  may  well  serve  to  excite  our  wonder. 

But  when  we  come  to  inquire  into  the  means  by  which  these  minute  creatures  are 
propagated,  and  into  the  processes  by  which,  in  a  very  short  space  of  time,  water,  in  which 
no  trace  of  animal  life  was  to  be  discovered,  becomes  densely  populated  by  them,  we 
shall  find  our  surprise  and  admiration  greatly  increased.  It  will  be  as  well,  however, 
to  defer  the  consideration  of  this  subject  till  we  come  to  treat  of  one  of  the  most 
interesting  forms  of  these  animals,  the  VorHcella,  as  this  creature  presents  some  of  the 
most  curious  phenomena  to  be  witnessed  in  the  animal  kingdom. 

In  many  Infusoria,  and  indeed  principally  in  the  very  lowest  and  most  doubtful 
members  of  the  class,  a  bright  red  spot  is  observable  near  the  anterior  extremity.*  This 
has  been  described  by  Ehrenberg  as  an  eye !  But  apart  from  the  absurdity  of  attri- 
buting a  distinct  visual  organ  to  creatures  which  have  never  for  a  moment  been  supposed 
to  possess  even  a  trace  of  a  nervous  system,  the  structure  of  these  i*ed  spots  has  no 
resemblance  whatever  to  that  of  an  eye  ;  and  as  many  of  Ehrenberg's  eyed  animalcules 
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hare  since  his  time  been  found  to  be  only  the  spores  of  aquatic  plants,  and  it  is  very 
probable  that  others  will  share  the  same  fato  as  soon  as  their  development  shall  have 
been  further  inyestigated,  this  notion  of  the  existence  of  eyes,  in  the  Infusoria^  must  be 
added  to  the  many  other  instances  of  unsupported  assumption  which  haye  unfortunately 
rendered  the  persevering  labours  of  that  zoologist  far  less  beneficial  to  science  than  they 
might  otherwise  have  been. 

Most  of  these  animals  inhabit  water ;  a  few  exist  as  parasites  in  the  bodies  of  other 
animals.  The  aquatic  species  prefer  dear  to  foul  water,  and  are  always  to  be  met  with 
in  greatest  profusion  in  places  where  Confervse  and  other  forms  of  aquatic  vegetation 
are  abundant.  They  are  produced  in  great  abundance  in  certain  vegetable  infusions 
▼ben  exposed  to  the  air;  and  this  circumstance,  discovered  by  Leeuwenhoek  in  1676, 
has  always  been  regarded  as  one  of  the  principal  evidences  in  favour  of  the  doctrine  of 
spontaneous  generation— vl  doctrine  which  was  at  one  time  in  considerable  repute,  and 
which  is  not  without  its  supporters  even  in  the  present  day.  Apcording  to  this  theory 
an  organic  fundamental  matter  ia  everywhere  distributed.  Of  this,  it  was  supposed,  the 
organs  of  the  higher  animals  and  plants  consisted;  and  to  this,  if  the  theory  were 
correct,  they  would  return  on  the  death  and  consequent  decay  of  the  organism.  It  was 
further  supposed  that  this  fundamental  organic  matter  possessed  the  faculty  of  organiz- 
ing itself  under  the  simultaneous  influence  of  air  and  moisture,  so  as  to  produce  certain 
determinate  forms  of  plants  and  animals,  especially  moulds  and  Infusoria ;  the  animal 
or  vegetable  nature  of  the  resulting  creature,  as  well  as  its  specific  form,  being 
dependent,  said  the  theory,  upon  external  circumstances.  What  these  external  cir- 
cumstances were,  however,  and  in  what  manner  their  influence  produced  the  infinite 
variety  of  form  obscnrable  in  these  lowly  organisms,  the  theory  was  unable  to  say.  It 
was  settled,  however,  that  for  the  purpose  of  spontaneous  generation  three  things  were 
necessary — ^namely,  the  organic  substance,  water,  and  air. 

Later  investigations,  nevertheless,  soon  showed  that  there  was  some  flaw  in  this 
theory,  specious  as  it  might  appear ;  and  although  even  our  present  knowledge  is  not 
sufficient  to  enable  us  to  account  with  certainty,  in  all  cases,  for  the  appearance  of 
animals  in  infusions,  and  in  the  interior  of  other  creatures,  a  very  simple  experiment 
will  serve  to  demonstrate  the  falsity  of  the  theory  of  spontaneous  generation.  If  an 
infusion  be  boiled  and  placed  in  an  air-tight  vessel,  living  organisms  are  never  produced 
in  it ;  but  as  soon  as  it  is  opened,  and  exposed  to  the  air,  the  same  creatures  are  produced 
in  it  as  if  it  had  never  been  boiled.  It  would  appear  from  this  that  .the  access  of  air 
was  the  condition  necessary  for  the  spontaneous  production  of  living  organisms.  But 
if  the  infusion  be  boiled  in  a  flask  to  which  no  air  can  have  access,  except  by  passing 
through  a  vessel  filled  with  sulphuric  acid,  or  some  other  substance  which,  possessing 
no  power  of  acting  upon  the  air  itself,  is  yet  capable  of  destroying  any  organised  bodies 
which  might  otherwise  be  borne  in  with  tiie  air,  the  apparatus  maybe  allowed  so  stand 
for  weeks  or  months,  and  the  air  contained  in  it  constantiy  changed  during  the  whole 
period  without  the  production  of  a  single  animal.  But  when  the  similar  contents  of 
another  flask  are  treated  in  exactiy  the  same  manner,  except  that  the  renewing  of  the  air 
is  efiected  merely  through  an  empty  tube,  without  the  intervention  of  any  corrosive  sub- 
stance, the  infusion  is  soon  filled  witii  microscopic  creatures  of  all  kinds.  This  experi- 
ment proves  clearly  that  the  production  of  these  minute  organisms,  in  new  situations,  is 
due  to  their  presence,  or  to  that  of  their  germs  in  the  atmosphere,  and  that  no  new 
beings  result  from  the  mutual  contact  of  organic  matter,  water,  and  pure  air. 

Minute  as  these  creature  are,  and  some  of  them  are  said  not  to  exceed  the  1 -20000th 
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of  an  inch^  whilst  'the  giants  of  their  race  are  not  more  than  l-60ih  of  an  inch  in 
length,  they  are  not  without  their  importance  in  the  economy  of  the  world.     By  their 
prodigious  numbers  they  amply  compensate  for  their  want  of  size.  £veiy  drop  of  water 
on  the  face  of  the  globe  appears  to  contain  them  in  greater  or  less  profusion ;  and  this, 
coupled  with  their  great  fecundity  (for  it  has  been  calculated  that  the  progeny  of 
some  animalcules  would  amoimt  to  upwards  of  two  hundred  and  sixty-eight  millions  i 
in  four  weeks),  may  readily  convince  us  of  the  yast  quantity  of  food  fiunished  by  | 
these  creatures  to  others  a  little  higher  in  the  scale,  which  in  their  turn  become  the  j 
}H%y  of  larger  animals. 

One  of  the  many  extraordinary  facts,  connected  with  the  natural  history  of  ihe 
Infusoria,  is  the  power  which  many  of  these  animals  possess  of  retaining  thair  -vitality  ; 
for  a  long  time,  when  the  water  which  they  had  been  inhabiting  has  become  dried  up  i 
with  the  heat  of  summer.     They  will  remain  thus  inclosed  in  the  dry  and  hardened  j 
mud,  which  frequently,  as  we  all  know,  becomes  baked  by  the  action  of  the  sun  into  a 
condition  in  which  the  last  thing  we  should  suspect  would  be  the  presence  of  animal 
life,  especially  of  such  delicate  organisms  as  these,  until  the  return  of  wet  weather 
recalls  them  from  their  dormant  state  to  activity  and  enjoyment ;  or  they  may  be  taken 
up  from  the  surface  of  the  drying  pool  by  the  action  of  wind,  and  blown  about  in  the 
atmosphere  until  they  meet  with  some  moisture,  in  which  they  may  be  developed,  and  , 
may  propagate  their  species.    It  is  probable,  in  fact,  that  much  of  the  dust  which  we  so  , 
frequently  see  floating,  apparently  in  the  beams  of  the  summer  sun,  consists  of  either 
the  bodies  or  the  germs  of  Infusoria. 

Diwisloiui. — The  classification  of  the  Infusoria  presents  comdderable  difficulty,  i 
partly  arising  from  their  excessive  minuteness,  which  renders  the  assistanoe  of  our  i 
best  microscopes  necessary  to  enable  us  even  to  tee  many  of  them,  and  partly  from  the  ; 
impossibility  of  avoiding  confusion  from  the  intermixture  of  the  germs  of  more  hig^y  | 
organised  animals,  and  some  plants  in  vnrious  stages  of  development.  I 

The  class  of  Jkfuaoria,  as  circumscribed  by  Ehrenberg  in  his   *^ If^tutonttkiereheH" 
published  in  1888,  included  a  curious  mixture  of  heterogeneous  elements.    It  was  ; 
divided  into  two  great  groups,  the  Ptdygaeiriea  and  the  Botifera,  with  the  latter  of  which  j 
we  have  nothing  to  do  here ;  the  animals  composing  it  belonging  to  a  fiir  higher  type  of 
organixation.    But  even  in  the  Fdygastriea,  a  vast  number  of  species,  and  especially  ; 
the  whole  frmulieB  of  Cloeterina,  BatiUaria^  and  Vbiemna,  am  found  to  be  tnie  plants ; 
and  after  the  rejection  of  these  we  find  a  considerable  quantity  of  creataresy  in  which 
the  possession  of  a  moveable  filiform  appendage,  and  the  existence  of  a  red  spot,  are  the  I 
only  characters,  on  account  of  which  they  can  be  refened  to  the  animal  kindmn.  Many  I 
of  these  have  been  akeady  found  to  be  truly  the  aetive  germs  of  Oonfervm  ;  and  it  is  I 
probable  that  more  extended  investigations  will,  before  long,  show  that  many,  about 
which  we  are  still  doubtftd,  are  also  to  be  referred  to  the  vegetable  kingdom.     These  ' 
species  belong  to  Ehrenberg^s  families  M<mtidi»ia  and  CrffpUmtmaiimti^     Lastly,  his 
fiumly  Vibriomuufy  including  the  well  known  eels  of  paste  and  vnegar,  must  bd  rejected 
altogether,  as  it  includes  a  heterogeneous  assemblage  of  microsooptcplants  and  embryonic 
forms  of  wonns.    After  the  6eparatio&  of  these,  the  animals  stiU  referable  to  the  class 
of  Infiueria  are  sufficiently  numerous  and  interesting.     They  may  be  divided  into  two 
orders,  charaotertzed  by  the  presence  or  absence  of  a  mouth  in  the  animals  composing 
them. 

The  first  order,  the  Attomata^  or  mouthless  Infutoria^  includes  all  those  in  which  the 
mouth  is  wanting.    They  appear  to  be  nourished  entirely  by  the  absorptioii  of  fluid 
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-Englena  viridis,  350  diameter  in  yari- 
GQB  states  of  contraction. 


matter  through  thaxr  outer  smfaoe,  and  have  nerer  been  seen  to  take  solid  food.  The 
first  family  of  this  order,  the  Aatasidaj  is  distinguished  by  an  extremely  contractile 
bodj,  generally  of  a  green  or  red  colour ;  most  of  them  possess  one  or  two  red  points. 
The  »miiwM>1«  bdonging  to  one  of  the  genera  of  this  family  (Enfflena,  Fig.  19),  which  are 

generally  of  a  green  or  red  colour,  fre- 
quently cause  the  water  they  inhabit  to 
appear  of  one  of  these  colours,  in  consequence 
of  their  sudden  appearance  in  myriads.  It  is 
not  improbable,  however,  that  some  of  the 
creatures  included  in  this  group  may  prove 
to  be  vegetable  organisms. 

The  fjBonily  DinobryidtB  very  closely  re- 
sembles the  preceding ;  but  the  animalcules 
of  which  it  is  composed  are  furnished  with 
a  homy  case,  within  which  they  can  retract  themselves  at  pleasure. 

In  another  family,  the  Peridinida,  the  nmmftls  are  also  furnished  with  a  homy  or 
silidotts  shell  or  carapace;  but  in  these  the  shell  has  a  transverse  or  oblique  slit 
(Fig.  20)  famiahed  with  a 
circlet  of  cilia ;  it  is  also  fre- 
quently produced  into  very 
remarkable  horn-like  pro- 
cesses. Motion  in  these  ani- 
mals is  effected  not  only  by 
means  of  these  cilia,  but  also 
by  the  aid  of  a  filifoirm  ap- 
pendage, which  can  be  pro- 
truded from  a  particular  spot 
in  the  caraiMice.  The  siU- 
cious  coats  of  these  ereatares 
are  found  in  great  profusion 
in  the  flints  of  our  chalk  hjllgr 
The  fourth  family  of  the 
ast(Hnatou8  Infiuanaf  the 
OpaUmda,  consists  entirely 
of  Bnimals  which  hove  hither- 
to only  been  found  living  as  paiaaites  in  the  intestines  of  frogs  and  of  some  wonns.  The 
bodies  of  these  oreatnres  are  cohrarless,  and  of  a  perfectly  glassy  transparency,  so  that 
their  struotore  may  be  studied  with  the  greatest  ease ;  and  there  can  be  no  doubt  as  to 
the  complete  absence  of  anythiag  like  a  buccal  orifice.  Their  motions  are  effected 
entirely  by  means  of  cilia,  which  are  arranged  in  oblique  lines  upon  their  flat  oval 
bodies. 

From  these  simple  creatures  we  turn  now  to  the  consideration  of  tbe  fax  more 
nuBierous  and  interesting  forms  of  Infusorial  animalcules,  in  which  the  presence  of  a 
mouth  indicates  a  higher  degree  of  organisation  and  a  more  extended  sphere  of  action. 
They  form  the  order  Siotnatoda.  The  first  fiimily  of  this  order,  the  Manadidaj  consbts 
of  roundish  or  oval  animalcules,  whose  minute  size  renders  their  examination  difficult 
even  with  our  very  best  glasses.  Their  motions  are  generally  produced  by  means  of 
filiform  appendages,  of  which  each  animal  possesses  one  or  more.     Some  of  them 


Fig.  20.— Pcridininm,  300  diameter, 
a,  mUbrm  appendage,    b,  carapace,    e,  fringe  of  cilia. 
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measure  only  l-20000th  of  an  inch  in  length ;  and  it  has  been  calculated  that  a  cupful  i 
of  water  may  easily  contain  a  number  of  these  animalcules  considerably  larger  than  that  [ 
of  the  entire  human  population  of  the  earth.     Such  an  assertion  as  this  may  well  raise  I 
oui'  astonishment  to  the  highest  pitch,  when  we  consider  that  each  of  these  living   ' 
atoms  possesses  a  mouth  well  furnished  with  cilia,  through  which  it  is  able  to  intro- 
duce into  its  substance  particles  of  solid  matter  of  a  size  so  small  that,  until  collected 
by  these  little  creatures,  our  highest  magnifying  powers  will  fail  to  reveal  their 
existence. 

We  now  come  ta  a  family  which  includes  some  of  the  most  beautiful  of  the  infuso- 
rial animalcules,  and  in  which  we  meet  with  phenomena  more  curious  than  any  we 
have  yet  witnessed,  and  perhaps  as  wonderful  as  any  that  will  be  presented  to  our 
notice,  when  studying  the  natural  history  of  the  higher  classes  of  animals.  This  is  the 
family  of  the  VorticelHda^  or  beU^animakules.  The  animals  of  which  it  is  composed 
are  characterized  by  the  possession  of  a  fringe  of  rather  long  cilia,  surrounding  the 
anterior  extremity,  which  can  b©  exserted  and  drawn  in  at  the  pleasure  of  the  creature ; 
by  the  vibration  of  these  cilia  the  little  animal,  which  usually  has  somewhat  the 
appearance  of  a  miniature  wine-glass  supported  upon  a  very  long  stalk,  can  produce 
a  sort  of  vortex  in  the  water,  by  which  smaller  animals  and  minute  floating  particles 
of  alimentary  matter  are  drawn  into  the  mouth.  Some  of  these  little  creatures  are 
furnished  with  a  homy  case  for  the  protection  of  their  delicate  bodies,  whilst  others 
are  quite  naked. 

The  genus  VorticeUay  from  which  the  name  given  to  the  family  is  derived,  consists 
of  animals  of  the  latter  description.  Each  of  these  little  creatures  is  placed  at  the  top 
of  a  long  flexible  stalk,  the  other  extremity  of  which  is  attached  to  some  object,  such 
as  the  stem  or  leaves  of  an  aquatic  plant.  This  stem,  slender  as  it  is,  is  neyertheless  a 
hollow  tube,  through  the  entire  length  of  which  runs  a  muscular  thread  of  still  more 
minute  diameter.  When  in  activity,  and  secure  from  danger,  the  little  Vorticella 
stretches  his  stalk  to  the  utmost,  whilst  its  fringe  of  cilia  is  constantly  drawing  to  its 
mouth  any  luckless  animalcule  that  may  come  within  the  influence  of  the  vortex  it 
creates ;  but  at  the  least  alarm  the  cilia  vanish,  and  the  stalk,  with  the  rapidity  of 
lightning,  draws  itself  up  into  a  little  spu-al  coil.  But  the  Vorticella  is  not  wholly 
condemned  to  pass  a  sort  of  vegetable  existence,  rooted,  as  it  were,  to  a  single  spot  by 
its  slender  stalk ;  its  Creator  has  foreseen]  the  probable  arrival  of  a  period  in  its  exis- 
tence when  the  power  of  locomotion  would  become  necessary,  and  this  necessity  is 
provided  for  in  a  manner  calculated  to  excite  our  highest  admiration.  At  the  lower 
extremity  of  the  body  of  the  animal,  at  the  point  of  its  junction  with  the  stalk,  a  new 
fringe  of  cilia  is  developed ;  and  when  this  is  fully  formed  the  Vorticella  quits  its  stalk, 
and  casts  itself  freely  upon  its  world  of  ^waters.  The  development  of  this  locomotive 
fringe  of  cilia,  and  the  subsequent  acquisition  of  the  power  of  swimming  by  the  Vor- 
ticella, is  generally  connected  with  the  propagation  of  the  species,  which,  in  this 
and  some  of  the  allied  genera,  presents  a  series  of  most  curious  and  complicated 
phenomena. 

In  these,  as  in  all]  other  Infusoria,  the  simplest  mode  in  which  propagation  is 
effected,  is  by  the  division  of  the  individual.into  two  or  more  parts.  This  division,  as 
we  have  already  stated  when  speaking  of  the  Frotoaoa  in  general,  commences  in  the 
nucleus,  which,  in  the  Vorticella,  is  of  a  band-like  form.  Before  and  during  this 
division  of  the  nucleus  the  body  of  the  creature  aoquires  a  considerable  increase 
in  breadth.    A  constiiction  afterwards  makes  its  appearance  in  the  middle,  which, 
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continually  increasing  in  depth,  at  last  divides  the  body  of  the  animal  into  two 
halves,  each  of  which  is  now  found  to  constitute  a'  perfect  VoHiceUa,  Only  one 
of  these,  however,  is  to  remain  in  quiet  possession  of  the  original  stalk  ;  the  other, 
consequently,  develops  a  fringe  of  cilia  at  its  lower  extremity,  detaches  itself,  and 
swims  away  to  seek  a  new  home.  Having  fixed  upon  a  convenient  spot  for  its  pui-pose, 
it  attaches  itself,  by  the  hinder  part  of  its  body,  to  the  place  it  has  selected;  the  cilia 
then  disappear,  and  a  new  stalk  is  gradually  developed,  until  the  new  animal  exactly 
resembles  that  from  which  it  sprang. 

The  VorticeUa  also  possess  another  means  of  propagation  which  is  denied  to  all  the 
other  Infuaoriay  'with  the  exception  of  a  few  nearly  allied  genera,  although  we  shall 
meet  with  it  again  in  other  classes  of  animals.  This  mode  of  reproduction  is  called 
germmation.  It  consists  in  the  production  of  a  sort  of  bud,  which  gradually  acquires  the 
form  and  structure'of  the  perfect  animal.  In  the  VorticeUa,  those  buds,  when  mature, 
quit  the  parent  stem  after  developing  a  circlet  of  cilia  at  the  lower  extremity,  and  fix 
themselves  in  a  new  habitation  in  exactly  the  same  manner  as  the  individuals  produced 
by  the  division  of  the  bell. 

It  might  be  thought  that  animals  endowed  by  nature  with  the  power  of  increasing 
their  numbers  by  the  continual  division  of  their  very  substance,  would  stand  in  no  need 
of  any  further  provision  for  the  continuance  of  their  species ;  that  these  means  of 
reproduction  would  amply  suffice  to  enable  them  to  fulfil  the  scriptural  injunction  to 
"  increase  and  multiply,  and  replenish  the  earth."  We  find,  however,  that  other  and 
more  complicated  contrivances  are  employed  for  the  same  end ;  so  that  we  need  not 
wonder  at  the  great  rapidity  with  which  these  creatures  multiply  in  situations  favour- 
able to  their  development. 

At  an  earlier  or  later  period  of  their  existence,  the   Vbrticella  withdraw  the  disc 
surrounded  by  cilia  which 
forms  the  anterior  portion 

of  their  bodies ;    and  con-  ^  «  o  i 

tracting  themselves  into  a 
ball,  secrete  a  gelatinous 
covering  which  gradually 
solidifies,  and  forms  a  sort  of 
capsule,  within  which  the 
animal  is  completely  in- 
closed.      OccasionaUy,  this  Fig.  21.  Development  of  VortlocU... 

process,  by  which  the  Vorti- 
ceUa is  said  to  become  mvjstedj  takes  place,  whilst  the  creature  is  still  attached  to  its 
stalk ;  but  more  conunonly  the  circlet  of  cilia,  already  mentioned,  is  first  developed  at  the 
posterior  portion  of  its  body,  and  the  VorticeUa  becomes  encysted  whilst  swimming 
freely  through  the  water.  Even  when  the  animalcule  undergoes  this  change,  whilst 
still  supported  on  the  stalk,  the  latter  soon  disappears,  leaving  the  encysted  VorticeUa 
free. 

The  body  of  the  animal  (Fig.' 21, 1)  now  appears  almost  homogeneous  in  its  structure  j 
but  still  contains  the  nucleus  unchanged,  and  also  incloses  a  small  roimd  cavity 
I  ^led  with  fluid,  which  represents  the  contractile  space  of  the  original  VorticeUa,  but 
I  no  longer  exhibits  the  pulsations  characteristic  of  that  organ  in  the  active  animal.  At 
I  this  point  the  history  of  the  creature  becomes  still  more  complicated.  Sometimes  its 
I  f  irther  progress  commences*by  the  breaking  up  of  the  nucleus  into  a  number  of  minute 
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oval  disos  (Fig.  21,  2),  which  swim  ahout  in  the  thin  gelatinous  mass  into  which  the 
substance  of  the  parent  has  become  dissolved.  The  body  of  the  pai<ent  animal  inclosed 
within  the  cyst  now  becomes  apparently  diyided  into  separate  little  sacs  or  bags 
(Fig.  21, 3),  some  of  which  gradually  acquire  a  considerable  increase  in  size,  and  at  length 
break  through  the  walls  of  the  cyst.  After  a  time  one  of  these  projections  of  the 
internal  substance  bursts  at  the  apex ;  and  through  the  opening  thus  formed  the 
gelatinous  contents  of  the  cyst,  with  the  induded  embryos,  are  suddenly  shot  out  into 
the  water  (Fig.  21,  4),  there  to  become  diflEused,  and  gire  rise  to  a  new  gen^ation  of 
Voriteelke. 

But  this  is  only  one  of  the  phases  of  the  development  of  these  encysted  Vorfieella; 
another  and  a  still  more  remarkable  one  remains  behind.  In  other  cases,  instead  of 
producing  a  number  of  little  ac- 
tive embrjroa  in  its  interior,  the 
encysted  Vorticella  extends 
sometimes  in  one  direction,  some- 
times in  another  (Fig.  22, 1),  at  the 
same  time  protruding  from  all 
parts  of  its  surface  a  number  of 
slender  filaments,  terminated  by 
minute  knobs,  similar  to  the  pro- 
cesses by  means  of  which  we 
have  seen  motion  produced  in 
the  BJiyzopoda.  Sometimes  a 
portion  of  the  creature  is  thrust 
out,  so  as  to  form  a  new  stalk 
(Fig.  22,  2),  by  which  it  attaches 
itself  to  objects  in  the  water. 

These  reproductive  forms  of 
the  Vorticell(B  have  long  been 
known  to  microscopic  ob- 
servers, and  several  of  them  were  described  by  Ehrenberg  as  belonging  to  very 
various  genera.  From  the  name  Adnetaj  given  by  that  author  to  one  of  these  genera, 
they  are  now  denominated  the  Acineta-forms.  Two  of  them  are  represented  in 
Fig.  22 ;  the  first  closely  resembles  the  Actinophrys  sol  of  Ehrenberg ;  and  the 
second  is  described  by  him  under  the  name  of  Podophrys  fixa.  Both  these,  however, 
are  only  forms  of  one  species,  the  Vorticella  microstoma  of  Ehrenberg. 

But  the  fiiinl  object  of  this  singular  metamorphosis'  still  remaios  to  be  described. 
The  nucleus,  which  at  the  change  of  the  encysted  animalcule  into  the  Acineta-form 
was  still  distinctly  observable,  becomes  entirely  and  altogether  converted  into  an  active 
young  Vorticella  (Fig.  22,  2  b  and  3),  acquiring  an  ovate  form,  with  a  circlet  of  cilia  round 
its  narrower  extremity,  and  presenting,  at  the  opposite  end,  a  distinct  mouth. 
Within  this  young  animal,  whilst  still  inclosed  in  the  body  of  its  parent,  we  see  a 
distinct  nucleus  and  the  usual  contractile  space  of  the  full  grown  creature. 
When  mature,  the  oflfepring  tears  its  way  through  the  membranes  indosLng  the  Acineta, 
which  however  immediately  closes  again.  The  latter  continues  protruding  and  retract- 
ing its  filaments,  and  soon  produces,  in  its  interior,  a  new  nucleus,  which,  in  its  turn, 
becomes  metamorphosed  into  a  young  Vorticella. 

The  same  faculty  of  inclosing  themselves  in  a  cyst  appears  to  be  made  use  of  by  the 


Fig.  22.— Acineta-forms  of  V(H:tioella. 

a,  nucleus ;  h,  youngf  Vorticella  ;  c,  retracted 
cilia ;  d,  contractile  space ;  «,  posterior  ciliary 
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Vorikelia  as  a  means  of  self-preservation  when  the  water  in  which  they  have  been 
residing  dries  up.  "When  the  animal  is  thus  encased,  the  mud  of  the  bottom  of  the 
pool  may  be  baked  quite  hard  in  the  sun  without  doing  it  the  least  injury ;  and  in  this 
state  the  creatures  are  often  taken  up  by  the  wind  with  the  dust  which  it  raises  from 
the  surface  of  the  parched  ground,  and  borne  along  to  great  distances,  83  as  to  make 
their  appearance  in  most  unexpected  localities  (they  are  frequently  found  in  roof 
gutters),  where  the  first  shower  of  rain  calls  them  back  to  active  life.  These  processes 
are  repeated  in  several  of  the  allied  genera  with  so  little  variation,  as  far  as  observations 
have  hitherto  shown,  that  it  will  be  unnecessary  to  mention  them  more  particularly 
We  may,  however,  before  quitting  this  interesting  family,  describe  a  few  of  the  leading 
forms  which  it  presents  to  our  notice. 

We  have  already  seen  that  each  Vorticella  is  supported  upon  a  flexible  stalk ;  and 
that  when  a  bud^is  produced  from  any  part  of  the  animal,  it  is  cast  off  by  its  parent  to 
shift  for  itsellas  80<mi  as  the  organs  necessary  for  its  separate  existence  are  developed. 
This  character  serves  to  distinguish  the  true  Vorticella  from  the  other  members  of  the 
family ;  in  which,  however,  we  meet  with  considerable  diversity  of  form.  Thus  in 
the  genus  Carehestum  the  stalks  are  still  flexible,  and,  as  in  the  VortieeUa,  coil  them- 
selves up  in.  an  instant  at  the  slightest  alarm ;  but  each  main  stalk,  instead  of  being 
surmounted  only  by  a  single  bell,  bears  several  branches  equally  irritable  with  itself, 
and  each  terminating  with  a  separate,  and,  to  a  certain  extent,  independent  animal. 
In  the  Epiatylis  nutans  the  stem  is  also  branched ;  but  here,  instead  of  a  flexible  con- 
tractile filament,  we  find  a  stiff  bristle-like  tube,  at  the  extremity  of  which  the  creature 
is  situated.  During  its  contraction  it  turns  back  with  a  sudden  jerk,  and  hangs  down 
from  the  stalk  as  if  broken. 

In  another  curious  genus 
{Ophrydiumy  Fig.  23),  the 
animals,  instead  of  being 
supported  freely  upon  a 
stalk,  are  imbedded  in  the 
substance  of  a  gelatinous 
mass,  from  the  surface  of 
which  the  anterior  extremity 
of  each  animal  projects  more 
or  less.  The  gelatinous 
masses,  in  which  the  animal- 
cules are  thus  imbedded, 
may  be  met  with  of  all  sizes, 
from  that  of  a  pea  to  that  of 
a  small  apple. 

In  some  nearly  allied 
species  forming  the  genus 
Vaginicola  (Fig.  24),  the 
body  of  each  aTiirpal  is  in- 
closed in  a  separate  minute 
homy  sheath,  within  which 
it  can  retract  at  pleasure. 

In  the  Stentor,  or  Trumpet  an'ma^cu^e  (Fig.  25),  which  is  also  generally  referred  to 
this  family,  the  animal  does  not  consist  exactly  of  a  bell  supported  upon  a  distin  ct 


Fig.  23.— Ophrydium  Versatile. 

0,  d,  masses  of  animalcnleR ;  &,  animalcules  in  situ ;  c,  a  single 

animalcule  highly  magnified. 
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Stalk;  its  body  is  of  a  trumpet-sliape,  and  adheres  to  its  point  of  attachment  by  its 


Fig.  24.--.Va(rinicola  CrystalUna .  Fig.  25.— Stentor  MuUeri. 

850  diameter.  75  diameter. 

smaller  extremity.  The  body  in  these  animals  is  entirely  covered  with  cilia,  and  the 
creature  generally  possesses  the  power  of  retracting  the  elongated  tail-like  portion 
by  which  it  attaches  itself  to  other  objects,  and  swimming  away  in  search  of  a  new 
habitation.  Lastly,  the  TricJiodincOy  or  Urnanimakuks,  are  never  attached  to  a  stalk, 
but  generally  swim  about  freely  by  means  of  the  cilia  with  which  the  extremities  of 
their  bodies  are  fringed. 

The  remaining  families  of  the  Infusoria  present  us  with  few  points  of  interest  at  all 
comparable  to  those  exhibited  in  the  history  of  the  Vorticellida,  although  even  in  these 
many  curious  and  interesting  forms  occur.  They  may  be  divided  into  two  great  fami- 
lies—the TrichodidiB  and  the  Seiifera,  The  former  of  these  contains  all  the  mouth - 
bearing  Infusoria  not  belonging  to  either  of  the  preceding  families,  in  which  motion  is 
entirely  produced  by  the  agency  of  cilia ;  whilst  the  animals  included  in  the  second 
possess,  besides  these,  bristles  or  hooks  adapted  for  climbing  or  creeping  upon  aquatic 
plants. 

i,The  animals  forming  the  first  of  these  families  exhibit  a  great  diversity  of  form  and 
structure.  In  some  the  surface  of  the  body  is  naked,  and  the  cilia  are  confined  to  the 
anterior  extremity  of  the  body,  where  they  form  a  circlet  surrounding  the  mouth. 
They  constitute  the  sub-family  Enchdina,  In  these,  the  opening  through  which  the 
faecal  matters  are  rejected  is  situated  at  the  hinder  extremity ;  whilst  in  the  Vorticellofy 
to  which  they  present  the  greatest  resemblance,  the  remains  of  the  food  are  cast  out, 
cither  through  the  mouth  itself,  or  by  an  opening  in  the  immediate  neighbourhood  of 
the  mouth.  The  anterior  portion  of  the  body  is  sometimes  produced  into  a  long  flexible 
neck,  which  the  animal  twists  about  in  every  direction,  and  which  appears  to  serve,  in 
some  respects,  as  an  aid  in  its  motions. 

A  second  sub-family,  the  TracJielina,  is  distinguished  by  having  the  whole  or  greater 
part  of  the  body  covered  with  fine  cilia,  generally  arranged  in  longitudinal  series,  of 
which  those  surrounding  the  mouth  are  a  little  longer  than  the  rest.  The  anal  opening 
is  variable  in  its  situation.     The  Taramecium  is  an  example  of  this  group. 
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Fig.  26.— Cliilodon  CucuUus. 


In  a  third  group  we  meet  with  a  very  singular  apparatus,  consisting  of  a  cylinder 
of  fine  homy  fibres,  which  sur- 
rounds the  mouth  (Fig.  26  a).  The 
food  of  the  animal  is  seized  by  this 
apparatus,  and  drawn  gradually  into 
the  oesophagus ;  an  animalcule  is 
represented  in  this  position  at  b  in 
the  annexed  figure.  These  form 
the  sub-family  Nassulina. 

In  the  last  gi*eat  family,  the 
Seiifera,  we  meet  with  a  very  sin- 
gular modification  of  the  ciliary 
structure.  In  addition  to  the  cilia, 
which,  as  usual,  surround  the 
mouth,  the  ventral  surface,  in  these 
creatures,  is  furnished  with  a  num- 
ber of  bristles  or  hooks,  by  means 
of  which  they  are  enabled  to  run 
or  creep  upon  fixed  objects  in  the 
water. 

Before  quitting  the  consideration  of  the  Frotozoay  we  must  refer  to  a  curious  group 
of  minute  parasitic  creatures  which  appear  to  be  more  nearly  allied  to  the  Infusoria 
than  to  any  other  class  in  the  animal  kingdom.  These  microscopic  parasites,  called 
Gregarincdj  are  found  in  a  situation  where,  probably,  few  of  our  readers  would  dream  of 
seeking  for  such  creatures.  They  inhabit  the  intestines  of  the  common  garden  worms, 
insects,  and  many  other  members  of  the  articulate  division  of  animals,  and  are  but 
rarely  to  be  met  with  in  animals  of  any  other  group.  These  animals  are  generally  of 
a  cylindrical  or  somewhat  elliptical  form,  although  sometimes  a  sort  of  head  appears 
to  be  produced  by  the  constriction  of  the  anterior  extremity  of  the  body  {c  d),  and 
this  head-like  portion  is  occasionally  furnished  with  a  curious  soft  process  and  lobes. 
The  body,  in  all  cases,  however,  consists  entirely  of  a  sort  of  transparent  homogeneous 
cell,  containing  an  albuminous  fluid,  in  which  a  nucleus  and  a  nimiber  of  minute 
granules  may  be  observed.  They  are  exceedingly  sluggish  in  their  movements,  which 
are  effected  by  the  contraction  of  the  body,  although  a  few  possess  true  cilia,  and 
others  are  furnished  with  stiffer  immoveable  hairs. 

Curious  as  the  habitation  selected  by  these  creatures  may  appear,  we  shall  find 
something  stiU.  more  singular  in  the  method  appointed  by  the  Creator  for  the  continuance 
of  the  race  of  these  simple  cells.  It  had  long  been  known  to  naturalists  that  many 
Greffarina  consisted  only  of  a  single  cell,  whilst  others  appeared  to  be  composed  of  two 
separate  complete  cells,  each  containing  a  nucleus.  Upon  this  character,  and  the  differences 
in  the  forms  of  the  cells  thus  united,  many  genera,  and  even  families,  have  been  esta- 
blished amongst  the  Qregarirus, — ^the  authors  describing  these  various  forms  no  doubt 
building  high  and  flattering  hopes  of  immortal  reputation  upon  their  microscopic 
labours.  But  more  recent  observers  have  ruthlessly  dashed  these  hopes  to  the  ground, 
by  showing  that  these  double  cells,  with  all  their  diversity  of  form,  only  represent 
different  stages  in  the  history  of  the  propagation  of  the  simple  animals.  The  mode  of 
reproduction  which  prevails  here  is  one  which  we  shall  meet  with  in  no  other  group  of 
ftnipr^ftlfl  J  although  something  very  analogous  takes  place  in  some  low  forms  of  plants. 
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It  is  effected  in  the  following  nianner : — Two  Qregarinw  become  united  by  some  part  of 
their  bodies,  and  cling  together  so  firmly  that  their  separation  appears  to  be  imposaiMe. 
By  degrees  they  lose  their  original  form,  until  at  length  they  constitute  an  oval  niaas» 
slightly  constricted  in  the  middle,  but  still  divided  into  two  distinct  cells  by  a  transverse 
partition.  Now  a  transparent  capsule  is  formed  round  the  compound  body,  whilst  the 
two  nuclei,  which  have  hitiierto  retained  their  original  appearance,  gradually  disappear , 
and  the  bodies  of  the  animals  become  converted  into  a  number  of  granulea.  The 
process  of  development  continues  within  the  capsule ;  the  granules,  or  germs,  become 
smaller  and  more  numerous ;  the  partition  between  the  two  cells  finally  disappears ;  and 
the  mature  sac  either  passes  entire  from  the  body  of  the  animal  in  which  it  is  contained, 
or  bursting  within  its  intestine,  allows  the  numerous  germs  to  be  evacuated  at  once. 

So  far  careful  and  patient  investigations  have  traced  the  history  of  ihese  minute 
parasites ;  but  the  ulterior  development  of  the  germs,  and  the  mode  in  which  the  young 
Gregarina  again  find  admittance  into  the  bodies  of  their  destined  victims,  are  still 
enveloped  in  mystery.  a       ' 


Division  II.— Radeata. 

Oeneral  Chaxactexs,— The  animals  arranged  imder  this  second  division  of  the 
animal  kingdom,  are  generally  distinguished  by  the  radiate  form  of  their  bodies, — ^that 
is  to  say,  all  the  parts  of  which  the  creature  is  composed  are  arranged  circulaily  round 
a  common  centre.  In  some  instances,  however,  this  radiate  arrangement  of  the  organs 
is  not  readily  recognizable,  although  in  other  respects  the  animals  approach  the  true 
radiate  forms  so  closely,  that  it  is  difficult  to  place  them  in  any  other  position. 

In  complexity  of  structure  some  of  the  lower  forms  of  Sadiata  scarcely  seem  to 
exceed  the  simple  creatures  belonging  to  the  preceding  division,  consisting  of  a  mere 
bag  or  digestive  cavity  furnished  with  a  few  tentacula  or  feelers.  Still,  even  in  these,  an 
advance  in  organization  is  perceptible ;  for  although  the  substance  of  which  tiiey  are 
composed  appears  to  differ  but  little  from  the  sarcode  of  the  Protozoa,  they  can  never, 
like  these,  be  regarded  as  mere  aggregations  of  cells,  each  capable  of  a  separate  and 
independent  existence.  But  as  we  advance  from  these  low  forms  towards  the  higher 
classes,  we  find  the  complication  of  structure  constantly  on  the  increase  :  instead  of  a 
membranous  bag,  either  side  of  which  will  serve  equally  well  as  a  skin  or  a  stomach, 
we  soon  find  a  marked  distinction  between  the  outer  coat  and  the  membrane  lining  the 
digestive  cavity;  and  this  goes  on  increasingimtil  in  the  highest  forms  (some  star-fishes 
and  sea-urchins),  the  former  consists  of  a  most  complicated  mosaic  of  calcareous  plates, 
and  the  latter  becomes  converted  into  a  long  convoluted  intestine,  furnished  sometimes 
with  a  very  curious  masticating  apparatus  in  the  mouth,  and  with  an  anal  opening  for 
the  discharge  of  the  refuse  of  digestion.  The  other  organs  of  the  body  also  partake  of 
"die  same  advancement :  a  nervous  and  circulatory  system,  and  a  complicated  system  of 
locomotive  organs,  gradually  make  their  appearance ;  singular  organs,  si^posed  to  be 
organs  of  sense,  occur  in  some  forms;  and  the  fiinction  of  reproduction, -whieli  in  the 
lower  forms  appears  to  be  principally  executed  by  a  plant-like  budding  and  division  of 
the  parental  substance,  is  at  last  confined  to  certain  oi^gans  exclusively  appropriated  to 
that  purpose. 

The  nervous  system,  when  present,  is  still  very  imperfect,  and  almost  rudimentary ; 
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it  partalces  of  the  radute.acraxfgeaient  of  the  body ;  and  in  its  most  perfect  condition 
consists  of  a  ring  of  ganglia  surrounding  the  mouth,  and  giving  off  nervous  filaments  to 
each  of  the  segments  of  which  the  body  is- mnnpHed.  Th&  organs  irhioh  have  been 
regarded  as  special  organs  of  sense,  occur  ^  mo  mmaaa  nm^neiBally ;  lihey  wSSL  be 
noticed  in  treating  of  the  groups  in  which -lihi^  are^metwith.  A  system  of  -vessels 
eziBts  in  many  of  these  a-nimftla ;  but  it  is  onfy  in  the  liigh^wt  class  that  wefind^aidis- 
tinct  circulatory  system,  with  a  sac«like  heact^&r  the  -propuljaion  of  the  nutritive  ihiid. 
In  these  also  4ihe  function  of  respiration  is  somBtimssjHHiBtdd  by  a  system  of  aqui&rous 
vessels,  which  serve  to  conduct  ^e  water  to  tliBV«ruiifc  partB «of .  ihe  body ;  but  this.ia  the 
only  trace  of  any  special  respiratozy  apparatusiin  theaiilTifris  nodes  fmifflidRrgtina.  In 
i^e  ms^jorily,  respiration  appears  to  be  effected  Ivy  i^  shnpLe-eantaot  of  thesurfisae  of 
the  animal  with  the  circumambient  fluid.  Hlhe'ifinuitiaiis  <of  an9aroduatLan'.andilDco- 
motion  are  performed  in.such  very  dxffei>ent  fliodns  ih  tjiheifflEeintitddaBBes,  lihatiitiwill 
be  as  well  to  leave  their  consideratLon  tiH  'qRe.:tflBine'ilo  ixeat  Jxt^SbBae  mibasdinate 
divisions. 

A  faculty  which  is  posaeased  by  most  og.iteTgiaaitfta'  is  ithat  <^  anfiftng  ^os- 
phoreacenGe  in  the  dork,  eq^eoially  when  initeftid  <nr  ^ffiHtmifaifl.  .  .AfMiwyghJflMyihave 
this  power  in  common  with  some  other  groiys ^fifewnfiiflfl;  itfeaaito  Ifae  ;gBllithinarfree- 
swimnung  creatures  of  this  dass  that  the  pbenHmwiMBn,  m^I^Bniron  jb  ithe  IlxnnioBBity 
of  the-sea,  is  principally  to  be  attributed.  TOBSTphmurmmnH,  ihevgmnnsnBe  nf  ^lipdiich 
is  by  no  means  uncommon  on  our  own  coaitoin  «s3m  iwnillHii.,  is  Jeadifinted  iathe 
greatest  splendour  in  the  seas  of  warm  climadBS.  fSJhe^^^RdudffamsfibttiafJfiiB^fle^ 
fiiere  snffused  with  a  pale  light,  which  aoqujFesthe^  greatest  brilKEncy  when-the-water 
is  in  ai^  way  disturbed.  The  passing  ship  leaves  a  brilliant  illumination  in  its  wake  ; 
tiie  waves,  in  their  gentle  heavings,  break  into  sparks  and  flashes  of  light ;  the  oars  of 
moving  boats  are  seen  dripping  with  living  jewels  when  taken  out  of  the  water,  and 
each  stroke  produces  a  sparkling  streak.  This  general  luminosity  is  due  to  innumerable 
minute  animals,  amongst  which  larger  and  more  brilliant  species  may  be  seen  swizmning 
in  splendour,  some  like  balls  of  living  fire,  others  like  waving  bands  of  flame.  The 
majority  of  these  creatures  belong  to  this  division,  and  principally  to  the  dass  of 
Diseophora,  well  known  to  most  of  us  as  Medusae  or  jelly-fishes.  In  some  localities  the • 
Nbctiluea,  a  singular  little  animal  beloikging  to  the  class  of  Siphonophora,  also  plays  an 
important  part  in  the  produotiqn  of  this  phenomenon.  The  phosphorescence  is  supposed 
to  be  produced  by  the  slimy  fluid  with  which  the  bodies  of  these  animals  axe  generally 
endued,  and  in  which  the  urticating  properties  possessed  by  many  of  them  also  appear 
to  reside. 

DiTisions.— The  Badiata  may  be  divided  into  five  classes;  but  their  classification, 
in  spite  of  the  great  attention  whidL  has  lately  been  paid  to  them,  still  remains  involved 
in  considerable  uncertainty.  The  first  dass,  cantaining  the  polypes  (Polypi),  consists 
of  pTiimftlfl  of  a  more  or  less  cylindrical  form,  which  are  generally  attached  by  one 
extremity  to  some  solid  submarine  substance,  and  furnished  at  the  other  with  an  oral 
opening  surrounded  by  tentacles.  Most  of  these  are  compound  animals,  constructing  a 
common  homy  or  caloareous  domicile ;  each  pdype  inhabiting  a  separate  cell,  within 
wMdi  it  can  oontcact  itself  at  pleasure. 

The  seomid  dass,  the  BisaoTHORi^  indndes  tiie  aolmalfl  wdl  known  as  jelly-fish. 
They  oonsiflt  of  .a.more  or  less  eonvex  disc  or  nmhrella  (Fig.  27),  at  the  centre  of  the 
lower  iBzfiEus&iof  wbddi  the  month  is  sEtnated,  generally  surrounded  by  fl>ur  arms.  The 
ttwmMia  Mfwm  ^fmmnky  m  tbftTmter  by  the  sJieniate  conttaetion  and  expansion  of  the 
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disc,  tlie  circumference  of  -which  is  generally  furnished  with  filiform  tentacles  of  great 

extensibility.    The  body  is  naked,  gela- 
tinous, and  transparent. 

The  animals  constituting  the  third  class, 
the  Ctenophora,  are,  like  the  preceding, 
of  a  gelatinous  consistency  and  glassy 
transparency;  but  the  body,  instead  of 
being  discoid,  is  generally  more  or  less 
ovate  in  its  form  (Fig.  28),  and  the  animals 
swim  by  the  action  of  a  number  of  cilia 
an-anged  in  rows  upon  their  surface.  The 
mouth  is  situated  at  the  anterior  extremity 
of  the  body ;  and  at  the  opposite  end  there 
is  an  anal  opening.  Most  of  them  possess 
a  pair  of  extremely  extensible  filiform  ten- 
tacles, which  are  generally  concealed, 
when  not  in  action,  in  small  cavities  formed 
in  the  substance  of  the  body. 

The  fourth  class,  the  Siphonophoea, 
is  composed  of  creatures,  the  structure  of 
which  is  still  in  many  cases  but  little 
known.  Like  the  animals  of  the  two 
preceding  classes,  they  swim  freely  in 
Fig.  27.«-Pelagia.  the  sea,  and  their  bodies  are   also  gela- 

tinous and  transparent ;  they  are  generally 

furnished  with  a  peculiar  cartilaginous  support,  and  with  closed  air-bladders,  which 

serve  asfloats  to  maintain  them  at  the  surface  of  the  ocean. 
In  the  fifth  and  last  class,  the  Echinodermata,  we  find  the 

most  highly  organized  forms  of  Madiata.      These  possess  a 

coriaceous  skin,  in  which  a  deposit  of  calcareous  matter  takes 

place,  often  to  such  an  extent  as  to  form  a  shell  inclosing  all 

the  soft  parts  of  the  animal.     They  generally  creep  along  the 

bottom  of  the  water,  by  means  of  a  great  number  of  tubular 

suckers,  which  can  be  protruded  at  pleasure  through  openings 

left  in  the  plates  of  which  the  calcareous  covering  is  composed. 

The  radiate  arrangement  of  the  parts  is  perhaps  more  distinctly 

recognizable  in  some  of  these  animals  (the  common  star-fish,  for 

example)  than  in  any  other  members  of  this  divisioi^ ;  it  is  in 

these  only  that  any  trace  of  a  nervous  system  has  been  dis- 
covered. 

Class  I. — Polypi. 

General  Characters. — The  class  of  Polypi  includes  a  great  number  of  animals, 
most  of  which  are  of  very  simple  construction.  They  are  all  aquatic  in  their  mode  of 
life ;  and  by  far  the  greater  number  inhabit  the  sea,  a  very  few  only  being  found  in 
fresh  water.  Most  of  them  live  in  societies  of  greater  or  less  extent,  supported  on  a 
common  stock,  or  polypidom,  which  is  sometimes  homy,  sometimes  calcareous.  The 
little  creatures  are  either  imbedded  in  cavities,  formed  immediately  in'  the  substance  of 
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this  support,  or  in  a  sort  of  fleah  whicli  sometinies  incrusts  it,  or  inclosed  (as  in  the 
homy  polypidoms)  in  minute  cups  or  tubes,  from  which  the  body  can  be  protruded  at 
pleasure,  and  again  retracted  at  the  approach  of  danger,  or  during  repose.  These  social 
polypes  are  always  of  small  size,  although  the  structures  produced  by  the  united  labours 
of  successiYe  multitudes  are  often  sufficient  to  produce  important  changes  in  the  face  of 
nature.     Many  of  the  solitary  species,  however,  attain  a  considerable  magnitude. 

The  bodies  of  these  animals  are  generally  cylindrical  in  form,  with  a  fringe  of 
imtaelea,  or  arms,  frequently  consisting  of  a  considerable  number,  surrounding  the 
anterior  extremity,  in  the  centre  of  which  the  mouth  is  situated.  The  mouth  is  the 
only  aperture  of  the  digestiye  cavity ;  it  is  quite  destitute  of  any  masticating  ap- 
paratus. 

The  skin  in  the  compound  polypes,  which  are  able  to  retract  themselves  into  firm 
cells  or  tubes,  is  exceedingly  soft  and  tender ;  but  in  the  solitary  species  it  frequently 
acquires  a  leathery  consistence,  forming  a  closed  sac,  within  which  the  more  delicate 
tentacles  can  be  retracted  at  pleiisure.  In  many  cases  the  skin  contains  urticating 
organs,  consisting  of  minute  transparent  vesicles,  from  which  long  spiral  threads  and  a 
caustic  fluid  are  emitted,  which  cause  a  stinging  sensation  on  coming  in  contact  with 
the  skin. 

Reproduction  takes  place  in  these  animals  both  by  means  of  ova,  and  by  germina- 
tion or  budding.    The  sexes  are  always  united  in  the  same  individual. 

DiTisions**— The  Polypes  are  commonly  divided  into  three  orders.  In  the  first,  the 
Sydr&ida,  the  animals  are  generally  compoimd,  and  invested  with  a  homy  tubular  polypi- 
dom ;  the  digestive  cavity  is  excavated  in  the  substance  of  the  body  without  any  proper 
lining  membrane ;  and  the  reproductive  organs  are  always  external.  In  the  second  order, 
the  Astdroida,  the  polypes  are  always  compound ;  the  mouth  is  surrounded  by  eight 
tentacles ;  the  digestive  cavity  is  lined  with  a  membrane,  and  the  ovules  are  produced 
in  the  interior  of  the  animal.  The  polypes  in  this  order  are  imbedded  in  a  more  or 
less  fleshy  mass,  which  is  generally  supported  on  a  homy  or  calcareous  axis.  The 
polypes  of  the  third  order,  the  HeUanthoiday  are  single,  and  either  possessed  of  a  certain 
power  of  locomotion,  or  imbedded  in  a  calcareous  polypidom.  The  mouth  is  generally 
surrounded  by  a  great  number  of  tubular  tentacles ;  the  stomach  is  furnished  with  a 
distiacfc  lining,  and  the  bvaries  are*  internal. 

Obder  I. — Hydroida. 
Genezal  Chazactera.— It  is  in  the  polypes  of  this  order  that  we  And  the  nearest 
approach  to  the  preceding  division.  The  body  in  these  generally  consists  of  a  homoge- 
neous aggregation  of  visicular  granules,  held  together  by  a  sort  of  glairy  intercellular 
substance,  and  capable  of  great  extension  and  contraction ;  so  that  the  creature  can  at 
pleasure  assume  a  great  variety  of  forms,  extending  its  body  and  tentacles  until  the 
latter  become  so  fine  as  to  be  almost  invisible,  and  again  retracting  itself  until  it 
acquires  the  appearance  of  a  small  gelatinous  mass.  The  tentacula  which  surround 
the  anterior  extremity  are  irregular  in  number ;  they  are  capable  of  extension  to  a 
very  great  length  when  seeking  for  prey ;  and  on  coming  in  contact  with  any  object 
floating  through  the  water,  they  immediately  twine  round  it,  and  convey  it  to  the 
mouth.  In  some  genera  the  tentacles  appear  to  be  tubular,  the  internal  cavity  being 
continuous,  with  that  of  the  stomach.  To  assist  in  the  capture  of  living  prey,  their 
smrfisice  is  commonly  roughened  with  a  series  of  granules,  which  in  some  cases  contain 
a  curious  poisonous  or  urticating  apparatus.     The  mouth,  which  is  situated  in  the 
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centre  of  the  circle  of  tentacles  leads  directly  into  a  simple  digestiye  cayity,  whichis 
not  lined  with  any  membrane. 

By  &r  the  greater  number  of  these  animalH  lire  in  societies  of  greater  or  less 
extent,  supported  on,  and  protected  by,  branched  homy  polypidoms.  These  are  often 
exceedingly  elegant  in  their  form,  and  many  of  them  are  familiar  to  every  sea-side 
visitor-^y  whom,  however,  they  are  generally  regarded  as  sea«>weeds.  They  consist 
of  continuous  homy  tubes,  generally  with  a  jointed  appearance,  and  bearing  the  Httle 
cup-like  cells  occupied  by  the  individual  polypes  along  the  sides  and  at  the  extremities 
of  the  stem  and  branches.    The  cells  communicate  by  a  perforation  at  the  bottom, 

with  the  general  tubular  structure  of  the  poly- 
pidom,  which  is  filled  with  a  substance  appa- 
rently very  analogous  to  that  of  which  ihe 
polypes  are  composed,  and  serving,  as  a. sort  of 
common  bond  of  union  between  Hie  many  in- 
dividual B-winjala  occupying  thfi'  same  etodL, 
This  common  medullary  pidp,.  as  it  is  caHed, 
may  in  &ct  be  regarded  as  the  mnst  important 
portion  of  the  compound  polype;  for  it  is  by 
the  incnsase  of  this  that  the  polypidom  con- 
tinues gixywing,  and  it  appears  to  have  the 
power  of  producing  new  pcdypes,  not  only  in 
the  fresh  cells  formed  during  growth,  but  also 
in  those  which  have  already  been  occupied) 
but  which  have  been  vacated  by  the  death  of 
their  former  tenant&  The  growth  of  the  poly* 
pidom,  acc(»rding  to  Dr.  Johnston,  takes  place 
in  the  following  manner :— ^*  The.  lipe  ovule 
or  bud  disohazged  from  its  matzix  settles  and 
fixes  itself  to  the  site  of  its  future  existence 
by  minute  fibres,  which  pullulate  from  the 
underside ;  while  from  the  opposite  pole  a  pa- 
pillary cone  shoots  up  to  a  height  deteimined 
by  the  law  which  regulates  the  pecuHar  habit 
of  the  species.  The  upward  growth  is  then 
arrested,  and  the  apex  becomes  enlarged  and  bul- 
bous. The  structure  of  this  rudimentary  shoot  is  at  first  apparently  homogeneous^  but  very 
shortly  the  separation  between  the  sheath  and  the  interior  pulp  begins  to  be  defined,  and  is 
made  hourly  more  apparent  by  the  pulp  retreating  inwards,  becoming  dadcer  and  more 
concentrated.  That  portion  of  it,  in  the  bulbous  top  of  the  shoot,  goes  on  to  further  con- 
densation and  development ;  and  as  it  enlarges,  so  in  proportion  does  the  homy  cuticle 
that  covers  it  expand  apace,  until  it  has  gradually  evolved  into  one  or  two  cells,  which 
are  still  closed  on  all  sides.  The  dark  body  of  the  polype  is  apparent  through  the  thin 
and  transparent  parietes ;  and  from  its  superior  disc  there  are  now  to  be  seen  some 
minute  tubercles  or  knobs  protruding,  which  becoming  insensibly  btrt  steadily  more 
elongated,  constitute  the  tentacula  of  the  polype,  now  nearly  ready  for  a  more  active 
life.  By  an  extension  of  development,  or  by  a  process  of  absorption  not  weU  undw- 
stood,  the  top  of  the  cell  is  at  length  opened,  the  polype  displays  its  organs  abroad,  and 
begins  the  capture  of  its  prey— for,  unlike  higher  organisms,  it  is  at  this,,  the  period  of 


Fig.  29.— LAOMBDVA   OEKICULATA. 

hf  ovarian  vesicles ;    c,  polype  extending ; 
d,  extended  polypes. 
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its  brrdi,  as  large  and  as  perfect  as  it  ever  is  at  any  subsequent  period,  the  walls  of  the 
cell  haying  become  indurated  and  unyielding,  and  setting  a  limit  to  any  further  increase 
in  btilk.  The  gro-wlh  being  thus  hindered  in  that  direction,  the  pulp,  incessantly  in- 
creased by  new  supplies  of  nutriment  from  the  polype,  is  constrained  and  forced  into 
its  original  directi(m ;  so  that  the  extremities  of  Hie  tube,  which  have  remained  soft 
and  pliant,  are  pushed  onwards,  the  downward^hoot  becoming  a  root-like  fibre,  and  the 
upper  continuing  the  polypidom,  and  sweUing  out  as  before,  at  stated  intervals,  into 
cells,  for  the  new  development  of  other  polypes."— -Bnlf.  Zoophytes,  p.  9. 

A  curious  sort  of  circulation  takes  place  in  these  creatures.  It  consists  in  the 
alternate  ascent  and-  descent  of  a  fluid  containing  granules,  within  the  tubular  stem 
and  branches  of  the  polypidom,  sometimes  stopping,  just  below  the  base  of  the  polype, 
sometimes  reaching  ta  the  very  stomach  of  the  creature.  The  cause  of  the  motion' of 
this  fluid  is  still  unexplained ;  it  starts  from  no  fixed  point,  and  has  no  fixed  point 
^dience  to  return;  there  is  noliiing  in  the  structure  of  the  animals  to  throw  any 
light  upon  the  subject,  and  the  behaviour  of  the  current  itself,  under  artificial  circum- 
stances, only  renders  its  explanation  still  more  difficult.  Thus  Dr.  Roget  says :— "  If 
the  currents  be  designedly  obstructed  in  any  part  of  the  stem,  those  in  Hie  branches  go 
on  witiiout  interruplion,  and  independently  of  the  rest."  The  object  of  the  circula- 
tion, however,  appears,  from  Mr.-  Lister's  experiments,  to  be  exceedingly  analogous  to 
that  of  the  circulation  of  the  blood  in  the  higher  animals. 

In  these,  as  in  all  other  pol3rpes,  reproduction  is  e£S9cted  both  by  budding  or  gemma- 
tion and  by  ova.  The  former  mode  of  propagation  necessarily  takes  place  in  all  the 
compound  polypes,  as  the  formation  of  these  numerous  societies  is  dependent  upon  a 
continual  vegetative  growth  or  budding  of  the  common  substance.  In  these  the  new 
individuals  tiius  produced  remain  constantly  attached  to  the  parent  stock ;  and  the 
process  by  which  this  increase  is  effected  has  already  been  described.  In  the  simple 
naked  polypes  the  buds  only  continue  connected  with  the  parent  until  they  are  suffi- 
ciently mature,  when  they  are  thrown  off  to  enjoy  an  independent  existence.  The 
mode  of  sexual  reproduction  varies  greatly  in  the 
different  families,  and  will  be  best  understood  when 
these  come  under  consideration.  "We  may  observe 
here,  however,  that  the  polypes  of  this  order  are  dis- 
tinguished from  the  rest  of  the  class  by  having  the 
reproductive  organs  external;  and  as  Hiese  are  only 
developed  at  certain  seasons,  these  zoophytes  gene- 
rally appear  to  be  completely  asexttalj  whilst  in  the 
two  other  orders  the  ova  are  produced  in  internal 
ovaries,  and  these  organs  are  constantly  present. 

Divisions.— The  first  family,  SydridtBy  contains 
only  a  single  genus  {Hydra)  of  polype,  some  of  which 
may  be  met  with  in  almost  every  piece  of  stagnant  or 
slowly-running  fresh  water.  They  are  usually  attached 
to  some  aquatic  plant,  and  their  most  favourite  station 
is  amongst  the  rootlets  of  the  duckweed,  so  common 
in  all  our  ponds.  The  animal,  when  extended,  con- 
sists of  a  long  gelatinous  cylinder,  attached  by  one 
extremity  to  the  sub-aquatic  plant,  and  furnished  at 
the  other  with  very  long  tentacles,  which  it  stretches  about  in  the  water  in  search  of 


Fig.  30.— Hydra. 
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the  minute  animals  on  which  it  feeds.     In  a  state  of  contraction  it  presents  the 
appearance  of  a  mere  gelatinous  lump  or  hutton. 

The  tentades,  or  feelers,  are  said  to  be  tubular,  and  filled  with  an  albuminous  fluid. 
They  are  furnished  with  a  yariable  number  of  tubercles,  arranged  in  a  spiral  manner 
on  the  surface.  These  tubercles  are  beset  with  a  number  of  spinigerous  vesicles, 
which  serve  as  organs  of  touch,  in  the  midst  of  which,  at  the  apex  of  the 
tubercle,  a  very  singular  organ  of  prehension  is  situated.  Each  spinigerous  vesicle 
consists  of  two  sacs,  placed  one  within  the  other,  with  a  small  cavity  in  the  centre  of 
the  inner  one.  At  the  point  of  contact  of  the  two  sacs  is  placed  a  long  ciliary  hair, 
which  projects  from  the  surface  of  the  tentacle.  The  organ  of  prehension,  which  is 
called  the  htuta,  consists  of  a  sac  opening  at  the  surface  of  the  tentacle,  within  which, 
at  the  lower  portion,  is  placed  a  saucer-shaped  vesicle,  supporting  a  minute'ovate  body, 
which  again  bears  a  sharp  calcareous  piece  called  the  sagittay  or  arrow.    This  can  be 

pushed  out  at  the  pleasure  of  the  animal, 
serving  to  roughen  the  surface  of  the  ten- 
tacle, and  afford  a  much  firmer  hold  of  its 
living  prey.  It  is  supposed  that  a  poison 
is  also  ejected  at  the  sayie  time,  as  animals 
when  seized  by  the  hydra  are  observed 
to  die  almost  instantaneously.  Muscular 
bands  are  observed  running  through  the 
substance  of  the  tentacles ;  so^le  passing 
from  tubercle  to  tubercle,  marking  out 
a  scries  of  lozenge-shaped  spaces,  and 
others  running  in  a  longitudinal  direction 
through  the  tentacle.  Of  these,  the  former 
have  been  regarded  as  extensor  muscles, 
the  latter  as  adductors.  But  the  action  of 
these  muscles  is  apparently  quite  insufii- 
cient  to  explain  the  extraordinary  exten- 
sibility of  the  tentacles,  which,  from  a  mere 
tubercle,  may  be  stretched  out  to  the 
length,  in  one  species,  of  no  less  than 
eight  inches.  "  To  produce  this  degree  of  elongation,"  says  Dr.  Johnston,  "  it  seems 
necessary  to  have  superadded  the  propulsive  agency  of  a  fluid.  "Water  flows,  let  us 
say  by  suction,  into  the  stomach  through  the  oral  aperture,  whence  it  is  forced  by  the 
fM  d  tergo,  or  drawn  by  capillary  attraction  into  the  canals  J  of  the  tentacula,  and  its 
current  outwards  is  sufBicient  to  push  before  it  the  soft,  yielding  material  of  which 
they  are  composed,  imtil  at  last  the  resistance  of  the  living  parts  suffices  to  arrest 
the^tiny  flood ;  or  the  tube  has  become  too  fine  in  its  bore  for  the  admission  of  water 
attenuated  to  its  smallest  possible  stream, — how  inconceivably  slender  may  indeed 
be  imagined ;  but  there  is  no  thread  fine  enough  to  equal  it,  seeing  that  the  tentacula 
of  Hydra  fusca  in  tension  can  be  compared  to  nothing  grosser  than  the  scarce  visible 
filament  of  the  gossamer's  web." 

The  most  wonderful  portion  of  the  history  of  the  Hydra  consists  in  its  extraordi- 
nary powers  of  propagation.  The  most  usual  mode  in  which  reproduction  takes  place 
is  by  a  process  of  budding  or  gemmation,  in  which  some  portion  of  the  substance 
of  the  creature   is  pushed    out   into  a  small  tubercle  ;     this    gradually  becomes 


Fig.  81.— Tentacles  of  Hydra, 
a,  tubercles  ;  6,  hasta ;  c,  rf,  spinigerous  vesicles. 
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larger,  and  at  length  develops  a  drde  of  tentacles  firom  its  upper  extremity.  The 
yoimg  animal  is  then  complete,  but  generally  remains  attached  to  its  parent  for  a  short 
time  longer,  stretching  out  its  tentacles  and  taking  food  in  precisely  the  same  manner 
as  the  old  animal.  ^^  Nor  is  it  an  unusual  thing  to  behold  the  young  one  and  the  old 
one  struggling  for,  and  gorging  different  ends  of  the  same  worm.  Before  the  develop* 
ment  of  tentacles  on  the  young  Hydra,  and  even  after  these  have  made  their  appear- 
ance, a  communication  exists  between  the  digestive  cavity  of  the  parent  and  that  of 
its  ofl^ring ;  so  that  food  given  to  either  of  them  produces  more  or  less  distension  of 
the  bodies  of  both.  This  communication,  however,  appears  to  close  some  little  time 
before  the  separation  of  the  young  animal. 

After  the  young  one  is  thrown  off  there  remains  no  mark  to  show  whence  it  had 
been  protruded.  In  warm]  weather  the  young  Hydra  are  produced  very  rapidly,  a 
single  polype  sometimes  bearing  about  as  many  as  four  young  ones,  depending  £x)m 
various  parts  of  the  body.  And  no  sooner  is  one  of  these  thrown  off  than  another 
appears  to  take  its  place ;  and,  what  is  still  more  extraordinary,  **  the  young  ones  them- 
selves often  breed  others;  and  those  others  sometimes  push  out  a  third  or  fourth  gene- 
ration before  the  first  fidl  off  J&om  the  parent."— (^oit^r.)  According  to  Trembley,  the 
average  number  of  young  produced  by  a  single  Hydra  griaeuy  in  summer,  is  twenty  per 
month ;  but  as  each  of  these  would  in  a  few  days  be  surrounded  by  a  numerous  family 
of  children  and  grand-children,  all  as  prolific  as  itself,  it  may  readily  be  imagined  that 
the  monthly  progeny  of  one  of  these  creatures  will  be  exceedingly  numerous. 

This  mode  of  reproduction  is,  however,  confined  to  the  smmner  months.  A  different 
provision  is  necessary  for  continuing  the  species  from  year  to  year.  For  this  purpose, 
in  autumn,  the  HydrsD  produce  small  bodies,  which  have  been  called  (mform  granules^ 
and  which  ^main  like  seeds  in  the  water,  imtil  the  return  of  spring  causes  them  to 
develop  a  new  race  of  polypes.  Little  is  known  of  the  true  nature  of  these  bodies, 
which  are  regarded  by  Ehrenberg  as  female  or  hermaphrodite  polypes,  deprived  of 
tentacula  and  loaded  with  ova,  like  the  female  polypes,  or  ovigerous  vesicles  of  the 
following  family. 

Singular  as  are  these  natural  modes  of  increase,  they  are  surpassed  by  the  very 
curious  phenomena  presented  by  the  artificial  multiplication  of  the  Hydra  by  the 
mechanical  division  of  its  substance.  On  this  subject,  Trembley  of  Geneva,  who  dis- 
covered and  described  the  singular  properties  of  this  creature  about  the  year  1744, 
speaks  as  follows : — "  I  have  opened  a  polype  on  my  hand,  extended  it,  and  cut  the 
simple  skin  of  which  it  is  formed  in  every  direction ;  I  have  reduced  it  to  little  pieces, 
and,  in  a  manner,  minced  it.  These  little  pieces  of  skin,  both  those  which  did  and 
those  which  did  not  possess  arms,  became  perfect  polypes."  _ 

An  operation  which,  to  almost  any  other  animal,  would  prove  injurious  or  fatal,  is  thus 
found,  in  the  case  of  the  Hydra,  only  to  assist  the  propagation  of  the  species.  *  Wounds 
heal  up  with  marvellous  facility ;  and  by  cutting  the  creatures  in  various  directions, 
the  most  extraordinary  monsters  may  be  produced.  A  tail  deprived  of  its  head  will 
produce  a  &esh  one  in  four  or  five  days ;  whilst  the  amputated  head  forms  a  new  tail 
in  about  the  same  time.  These  singular  facts  were  received,  as  may  be  supposed,  at 
the  time  of  their  discovery,  with  no  little  incredulity ;  but  the  testimony  of  numerous 
observersleaves  no  room  to  doubt  of  their  corrrectness,  and  the  animals  themselves  are 
80  common  that  any  one  may  repeat  the  experiments  of  Trembley  and  Baker  for  his 
own  satis&ction. 

We  have  devoted  so  much  space  to  the  reproduction  of  these  curious  creatures,  that 
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the  remainder  of  their  history  must  be  dismissed  in  but  fe^  words.  AMioogh  com. 
numly  found  attached  by  their  caudal  extremity,  they  are  capable  of  moying  from  place 
to  place  with/acility,  somewhat  in  the  manner  of  a  leech,  by  attaching  the  anterior 
extremity  at^some  distance  from  the  tail,  then  detaching  the  latter,  and  drawing  ihe 
body  up  into  a  loop,  so  as  to  bring  the  tail  close  up  to  the  head.  This  motion  is  then 
repeated ;  and  the  Hydra  thus  advances  by  a  series  of  steps,  each  of  the  length  of  its 
body.  It  can  also  glide  almost  imperceptibly  on  its  base,  and  not  uii£»|aently  floa% 
in  the  water,  hanging  from  the  suifEu^e  by  its  caudal  extremity. 

The  Hydne  are  exceedingly  yoracious,  and  feed  only  on  Hying  animals.  The  lanres 
of  insects,  worms,  and  the  minute  crustaceaus  animals  which  swann  in  all  y^iters 
constitute  their  principal  food.  Sometimes  two  polypes  will  seize  upon  the  same  worm, 
when  a  dispute,  of  coiurse,  ensues,  which  occasiondly  ends  in  a  veiy  singular  manner. 
If  the  weaker  of  the  two  does  not  feel  inclined  to  let  slip  a  booty  for  which  he  has 
peihaps  been  waiting  with  extended  tentacles  for  several  days,  it  sometimes  happens 
that  each  polype  swallows  the  end  which  has  fallen  to  his-  ^are,  until  at  lengtii  the 
worm  being  all  gone,  the  mouths  of  the  pair  come  into  actual  contact.  They  now  find 
themselyes  in  a  position  of  considerable  difficulty,  which  is  sometimes  terminated  by 
the  breaking  of  the  worm  ;  but  if  this  does  not  take  place,  the  larger  or  stronger  of  the 
two  seizes  upon  his  antagonist,  and  swallows  him,  worm  and  all.  After  a  time  the 
swallowed  polype  emerges  uninjured  from  his  living  tomb ;  the  wormy. however,  is 
gone.  One  of  the  most  singular  circumstances  connected  with  the  digestion. of  the 
Hydra— a  digestion  which,  as  we  have  seen,  is  capable  of  dissolving  creatures  of  far 
higher  oiganization  than  itself-— is,  that  the  creature  may  actually  be  turned  inside  out 
without  any  derangement  of  its  functions ;  the  old  inner  surface  now  acts  the  part  of  a 
skin,  whilst  that  which  was  the  outer  skin  adapts  itself  without  difficulty  to  the 
performance  of  the  work  of  digestion. 

The  polypes  of  the  second  family,  the  Sertularidaj  all  live  in  societies,  each.polype 
being  inclosed  in  a  sort  of  homy  cup,  supported  on  a  branched  polypidom  of  the  same 
consistence.  The  structure  and  mode  of  formation  of  these  polypidoms,  which  are 
amongst  the  most  elegant  productions  of  the  sea,  has  already  been  described.  Their 
delicate  arborescent  forms  are  constantly  to  be  seen  attached  to  the  sea^weeds  left  upon 

the  beach  by  the  retiring  waves.  The 
cups  or  cells  containing  the  polypes  are 
sometimes  placed  at  the  extremity  of 
long  stalks,  sometimes  annnged  along 
the  sides  of  the  stem  and  branches  of  the 
pol3^idom;  and  the  family  has  been 
divided  into  two  sub-families,  in  accord- 
ance with  these  characters.  The 
Laomedea  geniddata,  of  which  a  figure 
has  already  been  given,  is  an  ex- 
ample of  the  former  mode  of  growth, 
characteristic  of  the  sub*family  of 
Fig.32.-PartofSertulariafiUcula.  a,  natural  size ;  Campantdanna;  in  the  second  arrange- 
6,  magnilied.  ^  *  ~^ 

ment,  the  cells  are  sometimes  placed 

along  both  sides  of   the  tubular  portion  of   the  polypidom,  sometimes  only  in  a 

single  scries  along  the  upper  or  lower  surface  of  the  branches.     These  constitute 

the  sub  -family  Sertularina.    In  some  instances  the  stem  sparings  from  a  proper  root,  so 
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Fig,  33.— Sertulariapin- 

nata. 
a  a,  origerouB  veuoles. 


that  the  zoophyte  is  isolated.  Inotiior  cases  tile  roots  of  the  polypidom  creep  over  the 

snr&ce  of  the  object  to  w^hich  it  is  attached)  freqnentiy  coyering  large  pieces  of  sea- 
weed with  a  complete  network  of  minute  homy  fibres,  from  yoiions  portionB  of  which 

spring  tiie  delicate  plant-like  stmctares  which  support  the  aetiye  polypes. 

Independently  of  Ihe  reproduction  by  gemmation,  which  is  a  necessary  condition  of 

their  ezistenoe  as  oompoond  zoophytes^  tiie  propagation  of  these 

polypes  isefSkted  byihe  development  at  certain  seasons  of  pecu- 

liaccedla,  called  ovigerous  vesicles  (Fig.  33),  which  are  regarded 

by  some  zodogists  as  fertile  polypes.     They  are  destitute  of 

tentacles  and  of  digestive  organs,  and  contain,  when  mature, 

a  number  of  minute  ova;  after  the  dis<diarge  of  these  the 

yesiclea  fall  off,  and  the   zoophytes  appear  completely  sex- 
less.   The  ova,  when  dischai^d,  are  active,  and  swim  freely 

in  the  water  for  two  or  three  days,  when  they  fix  upon  a  spot 

for  their  facther  development,  settle  there,  and  shoot  up  into 

a  polypidom.  similar  to  that  from  which  they  deiived  their 

existence.   This  freedom  of  motion  in  the  ova,  of  all  stationary 

animals,  i»  one  of  tiie  admirable  piovisionff  of  nature  for 

securing  the  due  distribution  of  her  productions  tiirou^  the 

WQiid  of  waters ;  for  as  these  polypes  in  their*  mature  state 

are  confined  to  a  single  locality,  it.  is  evident  that  if  their 

ova  merely  dropped  to  the  bottom  ofthe  water,  more  of  them 

woiM.be  developed  in  a  singla  spot  tiian. could  convenieootiy^ 

exist  there ;   tiie.  ova    are    conseq[uentIy  endowed  with  a 

locomotive  power,    enabling  them   to  emigrate  to  such  a 

distance  from  the  pasent  stock,  as  to  avoid  all  chance  of  inconvenient  crowding.    The 

forms  of  some  of  these  active  ova  or  germs,  as 
described  by  Sir  John  Dalyell  and  Prafesaor  Yan 
Beneden,  remind  one  strongly  of  the  creatures 
forming  the  next  clasS)  a  circumstance  which,  when 
taken  in  conneidon  with  the  fact  that  many  animals, 
apparently  belonging  to  the  following  family,  are 
found  to  be  only  stages  in  the  reproduction  of  the 
Medusa,  affords  a  strong  argument  in  favour  of  the 
views  of  some  zoologists,  who  remove  all  the  polypes, 
belonging  to  the  present  order,  into  a  position  more 
in  accordance  with  the  intimate  connexion  which 
appears  to  exist  between  them  and  these  higher 
Jiadiaia, 

The  Tubular  idePj  forming  the  third  family  of 
hydroid  polypes,  are  also  for  the  most  part  social 
animals,  frequently  possessing  a  polypidom,  which, 
however,  when  present,  is  of  a  much  less  firm  con- 
sistence than  the  homy  framework  of  the  Sertularida. 
The  polypes  are  never  entirely  retractile  within  their 
tubes  ;  the  upper  extremity  is  enlarged  into  a  clavate 
head,  surrounded  by  a  variable  number  of  tentacles. 

The  family  is  divided  into  two  sub-families,   the  Tuhulariada,  in  which  the  polypes 


Pig.  34.— Eudendrium  ramosimi 
(magnified). 
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are  indosed  in  a  polypidom  (Fig.  34) ;  and  the  Corynida,  in  which  they  aie  naked,  or 
only  furnished  with  a  rudiment  of  a  polypidom.  The  genera  are  founded  on  the 
arrangement  and  form  of  the  tentacles. 

The  fertile  individuals,  when  they  have  been  observed,  are  generally  mere  knobs,  in 
which  the  tentacles  are  completely  wanting ;  and  it  is  supposed  that  they  derive  the 
nourishment  necessary  for  the  performance  of  their  reproductive  functions  from  the 
active  barren  polypes.  One  mode  of  propagation  exhibited  by  these  animals  is  that  of 
the  production  of  what  have  been  called  by  Professor  Van  Beneden,  "free  or  motive 
buds."  They  are  produced  in  little  clusters  of  bulbs,  which  grow  from  the  bases  of  the 
tentacles  at  certain  seasons,  and  for  a  certain  period,  after  exclusion,  possess  a  considerable 
power  of  locomotion.  Sir  J.  G.  Dalyell,  in  his  account  of  Tubularia  incUvisa,  informs  us 
that  on  quitting  the  parent  the  bud  of  this  species  develops  some  little  tubercles,  the 
rudiments  of  the  tentacles,  from  its  under  surface,  and  on  these,  as  on  so  many  feet, 
move  about  the  bottom  of  water.  After  a  time  it  appears  to  select  a  position  in  which 
to  fix  its  permanent  abode,  when  "  it  reverses  itself  to  the  natural  position,  with  the 
tentacula  upwards,  and  is  then  rooted  permanently  by  a  prominence,  which  is  the 
incipient  stalk,  originating  from  the  under  part  of  the  head.  Gradual  elongation  of 
the  stalk  afterwards  continues  to  raise  the  head,  and  the  formation  of  the  zoophyte  is 
perfected."  Other  ovules  imdergo  a  certain  degree  of  development  whilst  still  inclosed 
in  the  ovisac,  and  are  excluded  from  this  shelter  in  a  form  somewhat  resembling  that 
of  the  common  Hydra.  They  then  fix  themselves,  and  become  gradually  developed 
into  the  form  of  the  parent  animal.  Many  polypes,  apparently  belonging  to  this 
family,  give  origin,  by  a  process  of  gemmation,  to  young  Medusse,  which  again  produce 
ova,  from  which  similar  polypes  are  developed.  The  observation  of  this  fact  has  given 
rise  to  the  theory  of  what  is  called  the  "  alternation  of  generations," — a  theory  which 
has  been  applied  by  its  originator,  Stemstrup,  to  several  other  classes  of  animals. 

Some  of  these  polypes  attain  a  considerable  size ;  the  Corymorpha  nutans^  one  of  the 
most  beautifril  of  the  group,  attains  a  length  of  four  inches  and  a-half.  Of  the  beauty 
of  its  appearance,  Messrs.  Forbes  and  Goodsir,  who  discovered  it  in  the  British  seas, 
speak  in  the  following  terms  : — "  When  placed  in  a  vessel  of  sea-water,  it  presented 
the  appearance  of  a  beautiful  fiower.  Its  head  gracefully  nodded  (whence  the  appro- 
priate specific  appellation  given  it  by  Sars),  bending  the  upper  part  of  its  stem.  It 
waved  its  long  tentacula  to  and  fro  at  pleasure,  but  seemed  to  have  no  power  of  con- 
tracting them.  It  could  not  be  regarded  as  by  any  means  an  apathetic  animal,  and  its 
beauty  excited  the  admiration  of  all  who  saw  it."  The  general  colour  of  the  creature 
is  a  delicate  pink,  with  longitudinal  lines  of  brownish  or  red  dots.  The  tentacles  are 
very  numerous  and  long,  and  of  a  white  colour ;  and  the  ovaries,  which  are  situated 
immediately  above  the  circle  of  tentacles,  are  orange.  Most  of  the  Tuhtdaridte  inhabit 
the  sea ;  but  one  species,  the  Cordylophora  laemirisy  is  found  in  the  dock  of  the  Grand 
Canal,  Dublin,  in  water  which  is  perfectly  fresh. 

OrDEE  II. — ^ASTEROIDA. 

General  Cluuracten.— The  asteroid  polypes  are  all  compound  animals,  inhabiting 
a  polypidom,  which  consists  of  a  fleshy  external  layer,  supported  upon  a  calcareous  axis. 
The  polypes  which  are  imbedded  in  this  fleshy  mass  are  famished  with  eight  flat 
tentacles,  placed  in  a  single  circle  round  the  mouth,  and  not  imfrequentiy  toothed  or 
fringed  on  their  margins.  The  outer  integument  consists  of  two  membranes,  which  are 
so  thin  on  the  portion  of  the  creature  which  can  be  protruded  from  its  cell  as  to  permit 
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tlie  internal  organs  to  be  seen  through  them  with  ease.  Towards  the  base  of  the  body, 
howeyer,  the  outer  of  these  membranes  increases  in  thickness,  and  becomes  continuous 
with  the  common  coyering  of  the  polypi- 
dom,  in  which,  in  most  of  the  asteroid 
polypes,  minute  particles  of  carbonate 
of  lime  are  secreted,  forming  either  spi- 
cula  or  small  granulated  masses,  which 
give  increased  stability  to  the  whole.  The 
imier  membrane,  retaining  its  delicacy  of 
texture,  is  continued  through  the  ceU  of 
the  polype,  lining  this  as  well  as  the  nu- 
merous canals  which  penetrate  in  minute 
ramifications  to  all  parts  of  the  poly- 
pidom.  The  stomach  is  a  distinct  mem- 
branous sac  or  tube,  commencing  imme- 
diately within  the  mouth,  occupying  the 
centre  of  the  cylinder  formed  by  the 
outer  integuments,  with  which  it  is  con- 
nected by  eight  membranous  partitions, 
which  alternate  with  the  bases  of  the 
tentacles,  and  divide  the  space  between 
the  walls  of  the  stomach  and  the  skin  into 
eight  equal  compartments.  These  parti- 
tions are  continued  beyond  the  termi- 
nation of  the  stomach  in  the  form  of 
membranous  plaits  or  folds,  between 
which  some  filamentous  organs  are  to  bo 
seen,  which  have  been  regarded  by  some 

zoologists  as  the  ovaries.     It  appears,  however,  that  the  ova  are  produced  from 

the  inner  surface  of  the 
membrane  lining  the 
canals  of  the  polype 
mass,  and  not  in  pecu- 
liar organs  set  apart  for 
this  purpose ;  conse- 
quently, the  true  office 
of  the  organs  just  men- 
tioned, still  remains  un- 
determined. The  sto- 
mach is  perforated  at  its 
termination,  so  that  it 
communicates  with  the 
Fig.  56.-Reproduction  of  Alcyonium.  internal    canals  ;     but 

1.  Section  of  Alcyonium,  showing,  a  a,  polypes;  6  6,  canals  cut  across,  the  opening  is  capable 
some  containing  ova.  2.  A  canal  more  highly  magnified,  a,  a  ma-  ofbeintr  closed  by  means 
ture  egg :  6,  an  ovule  commencing  its  development.  .       ,^    .  ^    . 

of  a  circular  muscle. 

The  ova  first  make  their  appearance  in  the  form  of  little  tubercles,  which  gradually 
increase  in  height,  and  become  narrowed  at  the  base,  until  they  form  small  seed-like 


Fig.  35.— Bed  coral  {Cor allium  rubrwn). 
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bodies,  adhoring  by  a  short  stalk  to  the  membrane  from  which,  they  have  joisen.  In 
process  of  time  this  stalk  becomes  absorbed,  and  the  eggs  are  set  at  liberty  to  commence 
their  further  development  For  this  purpose,  however,  they  must  ^t  out  of  their 
prison, — an  undertaking  not  altogether  unattended  with  difficulty.  The  eggs  gradually 
work  up  to  the  base  of  the  stomach,  which,  as  we  have  already  stated,  is  perforated 
with  a  dilatable  opening ;  but  the  sphincter  muscle,  which  acts  the  part  of  a  porter  at 
this  living  door,  appears  occasionally  to  entertain  some  doubts  of  the  propriety  of 
allowing  the  egress  of  the  young  fry,  and^the  eggs  are  frequently  repulsed  horn,  the 
opening  before  they  are  permitted  to  effect  a  passage  into  the  stomach.  From  this 
cavity  they  az&  at  last  ejected  .into  the  open  sea,  where  they  swim  about  for  .a  time 
by  means  of  oilia,  in  the  full  enjoyment  of  a  fisedom,  which,  howeFer,  is  soon,  to 
end. 

3>iTiiiiOBU. — fHhis'iirder  of  Zoophytes  is  divided  into  four  families,  from  ohaiaoters 
dezived  .£nm  theanfcnre  of  the  polypidom.  In  the  first,  this  consists  of  a  senes  of 
pariillel  tiAes,  Mdxshof  which  serves  as  a  habitation.  The  tubes  are  generally  of  a  ci^- 
careous  iuttuKi,.imd  are  united  together  by  transverae  partitions.  This  family  is  called 
Tubiponday  Siam  the  name  of  its  most  typical  genus,  Tubipora ;  of  this  only  a  single 
species  is  ^own,  the  red  '^  Organ  coral"  {Tubipora  mmiea),  inhabiting  the  Indian 
Ocean,  in  which  the  polypidom  is  of  a  deep  crimson  colour,  conttaating  strongly  with 
the  bright  gnen  of  the  living  polypes. 

In  the  fEunily  Aleyonidde,  one  of  the  British  members  of  which  has  received  from 

our  fijBhermen  the  elegant  appellatiows 
of  Covfa  paps,  Dead  man's  toes,  and  Dead 
man's  fingers,  the  polypidom  is  of  a 
spongy  nature,  and  contains  a  multi- 
tude of  minute  calcareous  concretions 
which  serve  to  give  firmness  to  the 
fabric.  When  the  polypes  are  con- 
tracted, the  surfEice  of  the  polypidom 
which  is  covered  with  a  coriaceous 
skin,  is  seen  to  bear  numerous  scattered 
stellate  marks,  which,  on  examination, 
are  foimd  to  consist  of  ei^t  rays  corres- 
ponding with  the  tentacula  of  the  polypes 
wHch  are  to  be  protruded  from  tiiese 
spots.  The  cells  occupied  by  the  polypes 
are  placed  at  the  teEminations  of  canals 
which  run  through  the  polypidom, 
and  which,  by  their  xmion  with  each 
other,  serve  to  maintain  a  communication  between  the  individual  polypes  constituting 
the  mass.  The  rest  of  the  polypidom  is  made  up  of  a  transparent  gelatinous  substance, 
containing  the  calcareous  spicula  abovB  mentioned,  and  pervaded  by  numerous  small 
£bres,  which  form  a  sort  of  irregular  network.  The  Alcyonida  are  always  attached  to 
submarine  bodies.  The  species  already  mentioned  is  exceedingly  common  roimd  our 
coasts ;  so  much  so  that,  as  Dr.  Johnston  says,  *'  scarce  a  shell  or  stone  can  be  dredged 
from  the  deep  that  does  not  serve  as  a  support  to  one  or  more  specimens."  It  often 
oovecs  these  objects  with  a  simple  crust  of  about  an  eighth  ofan  inch  in  thickness,  but 
far  more  frequently  rises  up  from  the  sur&ce  of  attachment  in  conical  or  finger-shaped 


Kg.  37.— Alcyonimn. 
A,  a  portion  enlarged,  showing  the  polypes. 
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lobes,  from  the  varied  fonnB  of  inrhich  it  iias  obtamed,  in  the  yocabularies  of  our  mari- 
time population,  the  expressiye,  if  not  yery  refined,  names  already  mentioned.* 
One  of  the  moat  remarkable  species  belonging  to  this  family  is  the  Alcyonium  poetdum^ 
or  Neptune's  cup,  which  is  found  upon  the  coral  reefs  in  the  eastern  Archipelago.  The 
polypidom  of  this  zoophyte,  which  bears  some  resemblance  to  a  wine  glass  in  form,  is 
sometimes  as  much  as  three  feet  in  height,  and  eighteen  inches  in  diameter  at  the 
mouth. 

In  the  Gorffonid(8f  which  constitute  the  third  family  of  asteroid  polypes,  the  calca- 
reous matter  when  present,  instead  of  being  scattered  in 
the  form  of  granules  or  spicula  throughout  the  substance 
of  the  polypidom,  is  collected  into  a  solid  central  axis, 
covered  by  the.  fleshy  mass  in  which  the-pdlypes  .aare' 
imbedded.  The  axis  is  sometimes  caleareoBS,  somfitiiBOS 
homy,  andin  some  curious  forms  it  GonaiBtB'Of^anDaackiiie 
of  both  substances ;  as  in  the  Iris  hippuris,  a  flpeeies 
inhabiting  the  Indian  seas,  the  axis  of  which  is  fcomed 
of  a  series  of  calcareous  joints  united  together  by  homy 
rings  (Fig.  38).  Most  of  the  species  possessing  a  homy 
axis  {Oorffoniaj  and  allied  genera)  grow  in  a  more  or  less 
arborescent  form ;  but  in  some  species,  well  known  in  a 
dried  state  as  "sea-&ns,"  the  longitudinal  branches 
are  imited  at  inegular  intervals  by  a  number  of  trans- 
verse pieees,  whic^are  composed  of  a  eontimiation  of  Fig.16.-«Pttrtofasiaofl8i8 
the  homy  axis,  covered  with  the  cortical  substance,  and  hippuris. 

bearing  polypes  exactly  like  the  main  stem  and  branches. 

But  there  is  one  species  beloixging  to  this  family,  with  the  stony  axis  of  which  most 
of  us  have  been  acquainted  from  our  earliest  years,  although  it  is  probable  that  many  are 
stiU  ignorant  of  its  origio.  This  is  the  €orallium  rubrum  (Fig.  35),  the  animal  which  pro- 
duces the  common  red  ooral,  a  substance  of  great  beauty,  and,  at  one  time,  of  consider- 
able value.  In  Persia,  China,  and  Japan,  coral  ornaments  are  still  valued  as  highly 
as  gold,  and  large  quantities  of  them  are  manufactured  in  Naples  for  the  eastern  mar- 
kets. The  zoophyte  a]^;»ears  to  be  confined  to  the  Mediterranean  Sea,  where  it  grows, 
especially  on  the  southern  coasts,  attached  to  rocks  at  considerable  depths  in  the  sea. 
It  is  fished  up  from  the  deep  by  means  of  nets  and  other  instruments,  which,  Hke  many 
other  things  in  these  early  homes  of  civilization,  hav^  undergone  little  or  no  change 
in  their  construction  for  many  centuries.  But  the  fishery  is  one  of  considerable  import- 
ance to  the  countries  which  carry  it  on ;  and  a  great  number  of  the  popular  tales  and 
legends  of  the  inhabitants  of  the  south  coast  of  Europe  are  connected  with  this  favourite 
employment.  So  completely  ignorant  were  the  older  writers  of  the  true  nature  of 
ooral,  that  some  of  them  even  referred  it  to  the  mineral  kingdom ;  and  even  as  lately 
as  the  middle  of  the  last  oentory,  naturalists  were  in  the  habit  of  regarding  coral  as  a 
vegetable  production.  This  opinion  was  further  supported  by  the  discovery  of  the 
supposed^u;^^  of  the  plant,  by  an  Italian  naturalist,  who  gave  the  world  an  exceed- 
ingly fxkH  description  of  their  stnioture.  So  firmly  had  the  belief  in  the  vegetable 
natoze  of  coral  taken  loot,  in  the  minds  even  of  scientific  men  in  those  da^,  that 

*  The  popular  immesof  this  tpedet ,  &«  Aieyonium  digiiaium,  in  mogtoonntries,  are  derived  flrom 
its  fingered  i^peaxanee;  the  French  call  It  Mom  de  mer,  or  "sea  hand;"  the  Germans,  DUbthandy  or 
"  thief «  hand,"  and  Iki^erkork. 
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when  a  surgeon  of  Marseilles,  who  had  examined  the  zoophyte  either  with  more  care 
or  more  judgment  than  his  predecessors,  found,  to  his  astonishment,  that  the  so-called 
flowers  were  really  animals,  endowed  with  the  power  of  voluntary  motion,  even 
Reaumur,  to  whom  he  forwarded  an  account  of  his  discovery,  thought  it  advisable, 
when  communicating  it  to  the  Academy  of  Sciences  in  Paris,  to  conceal  the  name  of 
the  discoverer,  lest  he  should  he  exposed  to  the  derision  of  his  contemporaries — ^for  that 
learned  body  considered  the  statement  so  exceedingly  improbable  that  it  could  not  be 
entertained  for  a  moment. 


Fig.  39.— Pennatula. 
o,  a  single  polype  magnified. 


The  zoophytes  of  the  three  preceding  families  all  grow  attached  by  the  base  to 
rocks  or  other  submarine  bodies ;  in  those  of  the  fourth  family,  the  PennattilidtPy  on 
the  contrary,  the  polypidom  is  completely  unattached,  and  they  are  only  retained  in 
their  proper  position  by  the  insertion  of  the  lower  portion  into  the  sand  or  mud  of  the 

bottom  of  the  sea.  The  main  stem  of  the 
polypidom  of  these  animals  is  fleshy, 
but  furnished  with  an  internal  bony  axis, 
which,  however,  does  not  reach  to  either 
extremity  of  the  stalk.  The  polypes  are 
not  situated  upon  this  portion,  but  upon 
a  series  of  lamellae,  which  stand  out  upon 
each  side  of  the  stalk,  giving  the  whole 
creature,  in  some  cases,  the  appearance 
of  a  large  quill-feather.  It  was  formerly 
supposed  that  these  polypes  swim  by  the 
waving  of  the  pinnse  to  and  fro  in  the 
sea ;  and  as  some  of  them  are  most  bril- 
liantly phosphorescent,  the  beautiful 
appearance  which  would  be  presented  by 
the  motion  of  such  a  splendid  undulating 
meteor  through  the  water  may,  perhaps, 
be  imagined.  In  the  words  of  Dr.  Grant, 
Fig.  40.— Portioii  of  Virgulnria  MirabiKs,  magni-  "  a  more  singular  and  beautiful  spectacle 
fled,  ahowing  the  polypes.  ^^^   scarcely  be  conceived  than  that 

of  a  deep  purple  Fennatula  phospJiorea, 
with  all  its  delicate  transparent  polypi  expanded,  and  emitting  their  beautiful  phospho- 
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rescent  light,  sailing  through  the  stiU  and  dark  ahyss  hy  the  regular  and  synchronous 
pulsations  of  the  minute  fringed  arms  of  the  whole  polypi."  But,  unfortunately  for 
this  charming  vision,  all  that  we  know  of  the  hahits  of  these  creatures  tends  to  show 
that,  although  certainly  not  rooted  to  one  spot  like  the  other  polypes,  they  lare  com- 
pletely sedentary  in  their  mode  of  life,  remaining  always  in  one  place,  with  the  base 
of  the  central  stalk  buried  in  the  soft  bottom  of  the  sea. 

These  zoophytes  vary  considerably  in  form.  In  some  cases,  of  which  the  Fennatulay 
or  "  sea-pen"  already  figured,  may  serve  as  an  example,  the  central  stalk  is  of  moderate 
length,  whilst  the  pinnae  are  tolerably  long,  giving  the  creature  so  completely  the 
appearance  of  a]  feather,  that,  to  use  the  words  of  Lamarck,  "  it  seems,  in  feet,  as  if 
nature,  in  forming  this  compound  animal,  had  endeavoured  to  copy  the  external  form 
of  a  bird's  feather."  In  some  genera,  Virgulatna  and  Pavonariay  to  which  the  name 
of  "  sea-rushes "  has  been  given,  the  central  stem  is  very  much  prolonged,  some  of 
them  measuring  between  three  and  four  feet  in  length.  The  polypiferous  lobes  are 
oomparatiyely  short.  ^ 

Order  III. — Helianthoida. 

General  Cluuractew.— The  Helianthoid  polypes,  of  which  the  common  sea- 
anemones,  of  our  coasts,  may  serve  as  an  example,  approach  much  more  closely  in 
their  structure  to  the  Asteroid  than  to  the  Hydroid  polypes.  In  fact,  it  has  been  pro- 
posed by  some  zoologists  to  confine  the  name  of 
polypes  to  the  two  former  orders,  removing  the 
last-mentioned  group  to  another  position  amongst 
the  Eadiata.  Like  the  Asteroid  polypes,  the 
flniTnnlg  forming  the  present  order  have  a 
stomach,  consisting  of  a  sac  quite  distinct 
from  the  outer  walls  of  the  body ;  like  them, 
also,  the  space  between  the  stomach  and  the 
outer  integuments  is  divided  into  cells,  by  mem- 
branous or  muscular  partitions,  upon  which  the 
ova  are  produced.  But,  instead  of  eight  fiat 
fringed  organs,  the  mouth  is  surrounded  by  a 
variable  number  of  tubular  tentacles,  which 
are  generally  very  numerous,  and  arranged  in  ^ig- ^1--Actinia  Mesembryanthemum. 
multiples  either  of  five  or  six ;  and  the  lamellae  of  the  interparietal  space  follow  the 
same  rule  as  to  number. 

Some  of  them,  as  the  ActinuB,  are  free  and  naked;  but  the  greater  number  secrete  a 
calcareous  polypidom,  which,  how:ever,  differs  widely  from  that  of  the  preceding  order. 
Instead  of  the  polypes  being  imbedded  in  a  fleshy  or  leathery  mass,  supported  on  a 
calcareous  or  homy^axis,  the  cells  inhabited  by  the  Helianthoid  polypes  are  hollowed 
out  inmiediately  in  the  stony  polypidom ;  the  lamellae,  which  divide  the  space  between 
the  outer  skin  and  the  stomach  into  compartments,  being  also  supported  by  a  calcareous 
plate ;  so  that  when  the  polypes  are  removed  the  cells  still  exhibit  a  radiate  struc- 
ture. The  Actinugf  one  of  the  commonest  species  of  which  is  represented  in  the 
above  figure,  will  furnish  us  with  a  very  good  idea  of  the  individual  polypes  of  this 
order. 

These  animals  generally  consist  of  a  cylindrical  body,  truncated  or  cut  off  at  the  two 
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eztremitifis ;  tbe  lower  sut&oB)  which  fbima  atEat  cliso,.adh0ieB).bxixiBaa&tif  aglutmous 
secretiDn^  to  loeka  or  other  submarine'  bodies ;  whilst  the  upper  is  pBrfixrated  iai  tb.e 
oentmbythe  oral  aperture,  and  foniished  with  a  Tanable  numbeor  o£  tentao]fi%  wiiich 
in  man|K  species  are  ezoeedingly  numerous,  and  tinged  witiiL-4die.mo8tw9dd  and.delioate 
odours.  The  skin  of  the  sides  of  the  animal  k  of  a  muchfiimer  textuxsr.  than  thati  of 
either  the  oral  or  basal  disc.  At  the  upper  edge  it  forma  a  .sort/Of, border^  which^oon- 
pletely  conceals  the  more  delicate  tentadea  diizing  oantrao^on,  whenithe^animal 
presents  the  appearance  of  a  conical  lump  offlesh,  with  a  slight  imprearaon^at  tfaa  apex. 
The  stomach  is  a  plaited  membranous  bag,  which,  when,  the  airiinal^  am.  exceedingly 
hungry, .  is  not  unfrequently  turned  completely  out  .of  the  oraL  apedxire  in  the  foa:in.  at  a 
semirtransparent  bladder,  constricted  in  rariour  parts  into  lobesof  greater  or  less  extent. 
When  the  stomscdi^  ia  protruded  in*  this  manner,. some 
small  white  filaments  are  often  to  be  seen  progeclJng 
from  an  opening  at  the  bottom  of  the  sac ;  theee  haTO 
been  regarded  as  ovaries  by  some  auiiLors,  but  tiiey 
seem  rather  to  be  the  male  generative  organs.  The 
space  between  the  stomach  and  the  outer  walls  of  the 
body  is  divided  into  compartments  by  a  series  of 
musGular  lamelleej  by  the  action-  of  wMoh  ih^  various 
changes  in  the  form  of  the  creature  are  eflffeoted;  Many 
Fig.  4B.^-SeoitiQn  of  Actinia  ^  these  lameU»  do  not  reach  tiie  stomwjh;  so  that 
a,  cavity  <>/^s^*o^ma^^  ^  surround-  ^^^  formprojecting  leaflets,  wifll  a  free  margin^  upon 
which  the  tme  ovariea  are  produced. 
The  extension  of  these  animals  is  efEbcted  by  the  imbibition  of  water,  eith^ljmmgli 
the  mouth  or  the  pores  of  the  tentacles.  This  fills  the  intCTparietal  space j  and  is  forced 
thence  into  the  tentacles ;  the  little  pores  at  their  tips  being  kept  dosed  until  every  pmrt 
of  the  creature  is  distended  to  the  utmost,  often  presenting  a<  most  beautiful  t^pear- 
ance.  The  contraction  of  the  walls,  of  the  body,,  and  of  the  peipendicnlar  lamdlse, 
soon  forces  out  this,  water,  when  the  Actinia  wishes  to  contraot  itself;  tiie  water  passes 
off  through  minute  pores  at  the  tips  of  the  tentacula ;  and>  when'  tftte  ecmtraction  is 
sudden,  it  is  sometimes  ejected  to  a  distance  of  a  foot  or  more. 

The  ova. of  the  Actinise,  like  those  of  other  polypes,  are  active  when  first  excluded. 
For  several  days  they  swim  freely  about,  by  means  of  the  cilia  with  which  they  are 
furnished ;  then  fix  themselves,  and,  after  pasdng  through  a  series  of  changes,  gradually 
assume  the  likeness  of  the  parent.  In  the  Aetinia  the  era  are  frequently  hatched,  if 
such  a  phrase  may  be  allowed,  within  the  chamberaof  the  interparietal  space ;  and  after 
remaining  in  these  cavities  for  some  time,  the  young  animals -are  ejected  through  the 
mouth.  The  same  circumstance  may  probably  occur  in  other  groups  of  Helianthoid 
polypes ;  but  these  do  not  present  themselves  so  readily  to  the  continued  observation  of 
naturalists. 

The  polypidom  of  the  HeHanthoid  zoophytes  is  essentially  a  cast  in  carbonate^oflime 
of  the  structure  of  the  animal.  It  is  presented  in  its  simplest  form  by  the  Funffu^—z. 
group  of  corals  in  which  the  polypidom  is  inhabited  only  by  a-  single  polype. "'  In  these, 
when  the  polype  is  very  young, '  only  a  small  number  (generally  six)  of  caleareous 
lamellae  arc  developed.  As  the  animal  increases  in  size,  others  are  produced  between 
those  first  formed ;  others  again  between  these ;  and  so  on,  until  at  length  the  number 
of  these  stony  rays  becomes  quite  extraordinary.  The  mode  of  formation  of  the  com- 
pound corals  is  very  similar  to  that  of  the  Ftmgia,  except  that  in  the  former  the  increase 
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dadaB  of^aeh  polype;  and^-of  course)  akoof  the  oeU  wMdh.  it  InJiabitB,  is  TOBtxamedi^Kddiin 

matsb.  nacs&werlnnindB)— the  JWo^up-growing 

i9ipfioeii%:'fi>r'&]i.mdBfinite  petibd,  And  con- 

stonti^  incraaaingv  the  size  of  theirpolypidoni 

by  eibootiat^QfattaaA.  tbo^i;  so  lii&tthe  oudine 

of  the  origiiial  cell  is  reaey  soon  entizely  lost 

ThQ-amngement  of  the  indiyiduBl  polypes^  in 

th»    QQn^ound  MeliatUkoida^  varies  in  the 

diffiwcst  famUiefl,  and  the.  farm  of  the  coml 

Taries  m&  it. 

■Hiimhle  as  these  ereatozes  are,  their  operate 

tions  QGcn^y  an  impoxtant  place  in  the  histoty 

of  the.'  globe.      Islands — some  of  them  of 

considerable  ske,    and  affbiding^  a  habita*- 

tion.  to  an  entire  raoe  of  human  beings<^ 

owe  their  elevation  (from,  the  bottom  of  the 

ooean^  and'  the  solidity  vMch  enables  tham 

to  zBsist  l^e  continual  action  of  tiie  toemenr 

douft  breakers  of  the  tropical  seas)  to  tiie. 

labours  of  these    apparently   contemptible 

agents;  and  in  the  geological  periods  of  the  world's^history  they  appeaf'to  have  played 

even  luistill  more  important  pait. 

Three  kinds  of  ooral-reefs  are  distinguished^  Nearly  ail  the  ahocos  of  the  seas 
inhabited  by  the  reef-building  corals,  which  occupy  a  broad  zone  extending  between 
20*^  and  80°  of  latitude  on  each  side  of  tile  equator^  axe  mora  or  less  fisnged  with  tiieir 
living  w^ails.;  these  aze  cellBd.  skirting,  reefs*  Other  ree&  are  sometimes  met  with  at  a 
much  greater  distance  from  the  shore,  although  still,  to  a  certain  extent,  running 
parallel  to  its  outlines.  To  these  the  name  of  barrier  re^s  has  been  given ;  the  most 
remarkable  of  them  is  the  great  reef  which  runs  along  the  north-east  coast  of  Australia.. 
The  third  form  of  reef  is  presented  by  a  great  number  of  the  Polynesian  islands.  Many 
of  these  are  of  a  crescent-like  form,  or  even  sometimes  completely  circular,  inclosi;ng,  as> 
within  a  wall,  a  basin  of  still  water  (called  a  loffoon),  in  which  the  more  delicate  marine 
gnimalfl  find  a  wclcomc  rofuge  from  Hub  tumultuous  waves  which  rage  without.  These, 
islands,  which  are  called  atoUa  or  lagoon^eefa,  are  generally  highest  on  the  windward,  or- 
eastern  side,  against  which  the  waves  are  continually  dashing  with  great  violence ;  the- 
polypes,  from  some  cause  still  unexplained,  building  with,  greater  rapidity  on  thati 
portion  of  the  reef  which  is  constantly  exposed  to  the  action  of  the  breakers.  On  the? 
opposite  or  leeward  side,  the  reef  is  seldom  completed ;  so  that  at  this  part  the  lagoon* 
usually  commumcates  with  the  open  sea  by  an  opening  of  variable  width.  As  exposure 
to  the  air  appears  quickly  to  be  f&tal  to  these  polypes,  they  never  raise  their  habita-^ 
tions  quite  to  the  surface  of  the  water,  usually  stopping  at  fbur  or  five  ffeet  below  low- 
wvter  mark.  It  is  evident,  therefore,  that  the  living  polypes  can  have  nothing  to  do 
witii  the  final  elevation  of  t3ie  coral  islands  above  the  level  of  the  sea ;  and  we  find  that 
tliisis  due  to  the  action  of  the  very  waves  which  appear  to  threaten  the  infant  island 
with  destruction.  The  violence  of  the  storm  breaks  off  large  fragments  from  the  lower 
parts  of  l3kQ  reef,  and  washes  them  up  to  its  surface,  where  they  rest,,  and  gradually 
become  agglutinated  together  by  a  constant  deposit  of  calcareous  sand,  produced  by  tha 
disintegration  of  the  coral.    In  course  of  time  these  deposits  rise  above  the  surface,. 


Digitized  by  ^OUV  tC 


244 


FORMATION  OF  COKAL  HEEFS. 


floatmg  cocoa-nut  is  thrown  upon  the  heech^  and  geEminates  in  the  sandy 
soiL  Things  go  on  rapidly  now.  Birds  yisit  the  new-formed  land ;  new  species  of 
Tegetation  aiise ;  and  each  plant,  by  the  decay  of  its  fdlen  leaves,  assists  in  the  forma- 
tion of  a  layer  of  mpnld  in  which  other  plants  may  grow.  Assisted  hy  a  tropical  son 
and  a  moist  atmosphere,  y^etation  becomes  loxmiant ;  and  the  barren  sandy  spot,  so 
recently  raised  from  the  bosom  of  the  ocean,  is  soon  converted  into  one  of  the  most 
deli^tfiil  abodes  of  man.  The  drcnlar  form  assumed  by  these  islands  has  led  to  the 
assumption  that  the  coral  of  which  their  foundations  are  composed  has  been  reared  either 
upon  the  rim  of  the  crater  of  some  submerged  yolcano,  or,  when  the  islands  are  of 
large  size,  upon  a  ridge  of  elevated  ground  surrounding  a  basin,  like  many  that  may  be 
met  with  upon  the  present  earth.  The  principal  difficulty,  in  the  way  of  this  supposition, 
is,  that  the  polypes  are  found  never  to  build  or  live  at  greater  depth  than  from  120  to  180 
feet ;  and  it  is  almost  impossible  to  imagine  that  the  volcanoes  of  the  continent,  whicH.  is 
now  submerged  in  the  Pacific  Ocean,  were  all  so  nearly  of  .the  same  height,  that  their 
summits  would  come  within  this  distance  of  the  sur&ce  of  the  water.  An  equal  or  still 
greater  difficulty  presented  itself  in  the  case  of  the  barrier  reefs,  to  the  most  considerable  of 
which  we  have  already  referred.  The  great  barrier  reef  of  New  HoUand  is  more  llian 
1000  miles  in  length ;  for  about  350  miles  it  is  quite  continuous ;  and  it  is  evidently 
impossible  to  admit  that  a  chain  of  mountains  is  submerged  in  this  place  with  summits 
so  very  uniform  In  height. 

To  solve  this  difficulty,  a  most  ingenious  hypothesis  has  been  put  forward  by  Mr. 
Darwin.  That  gentleman  considers  that  the  observations  made  by  him  in  the  Pacific 
and  Indian  Oceans  justify  him  in  asserting  that  the  whole  of  the  bottom  of  these  seas 
is  undergoing  considerable  change  of  elevation ;  some  portions  of  it  gradually  rising 
(areas  of  elevation),  and  others  as  gradually  subsiding  (areas  of  subsidence).  The 
following  diagrams  will  show  how  these  suppositions  serve  to  explain  the  formation  of 


Fig.  44. 


Fig.  45. 


coral  islands.  In  the  first  diagram,  A  represents  the  peak  of  an  island,  which  may  be 
regarded  as  the  summit  of  a  submerged  mountain.  The  coral  polypes,  labouring  in 
their  accustomed  vocation,  would  construct,  at  such  a  distance  from  the  actual  shore  as 
would  furnish  them  with  a  suitable  depth  of  water,  a  skirting  reef,  C.  But  the  island 
is  not  stationary ;  it  is  sinking  very  slowly ;  and,  in  process  of  time,  we  find  that  only 
a  small  portion  of  the  central  peak  is  still  above  the  water,  whilst  the  corals  have  gone 
on  working  so  as  to  keep  themselves  always  at  the  same,  or  nearly  the  same  height ; 
although  the  reefs  which  they  form,  instead  of  being  only  a  few  hundred  feet  fit)m  the 
shore  of  the  island,  are  now  at  a  distance,  perhaps,  of  several  miles.  But  matters  go 
still  further :    the  subsidence  still  continues ;  the  original  island  disappears  beneath 
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the  waves;  the  deposition  of  dibris  upon  the  surface  of  ^the  coral  reef  raises 
it  above  the  surface;  and  it  becomes 
a  lagoon  island,  in  the  manner  already 
described.  Few  things  in  nature,  per- 
haps, can  give  us  a  more  vivid  perception 
of  the  power  of  that  Omnipotent  Creator 
at  "whose  command  these  apparently  in- 
significant creatures  rear  their  stupendous 
edifices  from  the  deep.  Some  idea  of  the 
number  of  architects  required  to  produce 
these  vast  results  may  be  obtained  from  Fig.  46. 

the  following  remarks  of  Mr.  Dana's  : — 

"  Calculating  the  number  of  polypes  that  are  united  in  a  single  Astraea  domb  twelve 
feet  in  diameter,  each  covering  a  square  half-inch,  we  find  it  exceeding  one  hundred 
thousand ;  and  in  the  Pontes  of  the  same  dimensions,  in  which  the  animals  are  under  a 
line  in  breadth,  the  number  exceeds  five  and  a-half  millions.  There  are,  consequently, 
five  and  a-half  millions  of  mouths  and  stomachs  to  a  single  zooph3rte,  contributing 
together  to  the  growth  of  the  mass."  From  age  to  age,  from  the  earliest  periods  to 
which  the  study  of  fossils  can  carry  the  history  of  our  planet,  to  the  present  time, 
countless  millions  of  these  humble  zoophytes  have  been  ceaselessly  toiling,  separating 
calcareous  matter  from  the  waters  of  the  ocean,  and  fixing  it  in"a  permanent  and  solid 
form ;  and  immense  beds  of  calcareous  rock,  in  various  parts  of  the  world,  bear  witness 
to  their  unceasing  activity,  perhaps  even  more  than  the  coral  islands  of  the  recent 
seas.  ... 

Like  the  greater  number  of  radiated  animals,  the  Helianthoid  polypes  possess 
urticating  organs,  which  bonsist  of  minute  capsules  imbedded  in  the  skin,  containing 
a  spicule,  or  a  spiral  thread,  of  great  delicacy,  and  apparently,  also,  secreting  an 
acrid  fluid  of  some  sort,  which  exerts  a  poisonous  action  upon  any  soft  living 
tissues  with  which  it  may  come  in  contact.  The  effect  of  this  urticating  power 
is  seen  in  the  speedy  death  of  small  fishes,  and  other  marine  creatures,  which  tempt 
their  fate  by  straying  carelessly  amongst  the  tentacles  of  our  common  AetinuB,  several 
of  which  produce  a  slight  sensation  of  heat  even  in  the  human  skin.  One  of  these,  in 
fact,  the  Anthea  cereusy  is  said  to  sting  very  severely. 

DiTisions. — In  this,  as  in  the  preceding  order,  the  characters  of  the  families  are 
derived  from  the  structure  of  the  polypidom.  In  the  first  fainily  (the  MadreporidoBy  or 
"tree  corals,")  the  polypidom  is  much  branched,  and  composed  of  a  porous  substance,  in 
which  the  openings  of  the  polype  cells  occupy  the  summits  of  tubercular  prominences  of 
greater  or  less  elevation.  These  cells  are  generally  almost  round ;  sometimes  they  are 
nearly  superficial,  but  in  many  cases  reach  nearly  to  the  centre  of  the  coral.  The  rays 
are  few  in  nimiber,  and  rarely,  meet  in  the  middle  of  the  ceU.  The  polypes  are  usually 
small,  and  possess  only  twelve  short  tentacles  placed  in  a  circle  round  the  mouth. 

The  family  of  OyathophyllidoB^  or  "  cup  corals,"  form  polypidoms  of  a  more  or  less 
cup-like  shape,  with  the  ceU  occupied  by  the  polype  at  the  upper  extremity.  The 
polypes  are  large,  and  furnished  with  many  tentacles,  and  the  rays  of  the  cells  are  also 
numerous.  This  family  may  be  divided  into  two  sub-families,  according  as  the  cell 
occupied  by  the  polype  is  divided  or  not  from  the  lower  portion  of  the  polypidom  by  a 
transverse  partitj-^n.  Species  of  both  these  groups  are  found  in  deep  water  off  the 
British  coasts. 
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Fig.  47.— AstrsBa  viridis 

a  Of  expanded  polypes;  66,  polypes  with- 
drawn  into  their  cells  ;  c,  coral  un- 
eovered  by  fleth,  tliowing  the  eells. 


It  ifl  to  ihe  third  family,  the  AMtraidce,  especially  that  the  fonnatiaxL  of  the  coral 

ree&  is  to  be  attributed.  In  this  the  corals 
usually  £orm  thick  stony  masses ;  the  stony 
rays  of  the  cells  are  eicceeding^y  numerous,  and 
the  cells  themselves  penetrate  deeply  into  the 
mass  of  the  coral,  alUiough  they  are  geneiaUy 
partially  diyided  by  imperfect  Iransverse  par- 
titions. Most  of  the  £ooph3rte6  of  this  family 
appear  to  increase  by  a  sort  of  spontaneous 
division,  instead  of  by  gemmation.  By  this  means 
the  body  of  the  polype,  and  the  cavity  which 
it  occupies,  are  in  many  cases  not  distinctly 
circumscribed ;  and  the  latter  form  cuiious, 
elongated,  winding  depressions  in  the  surfEice 
of  the  coral.  A  very  well  known  example  of 
this  form  is  presented  by  the  brain  coral 
(Maandrina  cerebriformu), 

■In  the  fourth  family,  the  Fungulm,. to  whieh 
we  have  already  referred,  the  polypes  are  single, 
and  often  attain  a  considerable  size.  The  poly- 
pidoms  form  oblong  or  roundish  masses,  furnished  with  an  extraordinary  number  of 
rays ;  the  outermost  of  which  project  firom  tho  circumference  without  being  confined 
by  any  outer  walls.  Tho  polype  occupies  the  whole  of  this  radiated  edifice ;  it  is 
furnished  with  a  tubular  mouth  in  the  centre,  and  with  numerous  short,  roundtentacles, 
which  are  soattorod  over  the  tapper  surface. 

Tho  fiEunily  Zoanthidm  consists  of  somewhat  clavate  polypes,  presenting  a  considsraUe 
resemblance  in  their  general  stvudturc  to  the  Aotinia.     They  differ  from  these,  how- 
ever, in  being  social  in  their  mode  of  li£e,  a  number  of  the  polypes  being  united 
by  a  common  creeping  stem,  which 
attachas  them  to   some  suhmwine 
object,  and  from  which  new  polypes 
are  produced  at  intQrvds  as  it  'nms 
along.    The  mouth  is  surrounded  by 
a  single  row  of  tentacles. 

We  now  come  to  the  family  of 
Aeiiniaday  or  ^^sea  anemones,"  the 
structure  of  which  has  already  been 
described.  A  eonsidezable  number 
of  these. polypes  occur  on  our  own 
coasts ;  but  itisin  the  seas  of  tropinal 
latitudes  that  they  axe  to  be  found 
in  tho  greatest  profusion,  and  presenting  the  most  baautiful  appearance.  ElUs,  in 
speaking  of  our  British  species,  says  : — *^  Their  tentacles  being  disposed  in  regnlar 
ciifiles,  and  tinged  with  a  variety  of  bright  lively  colours,  very  nearly  represent  the 
beautiful  petals  of  some  of  our  most  elegantly  fringed  and  radiated  flowers,  such  as  the 
carnation,  imarygold,  and  anemone,"— ^and  travellers  describe  the  beauty  of  the  tropical 
species  in  still  higher  terms  of  admiration.  Thus  are  the  wonders  of  nature  exhibited 
in  her  minucst  productions.     A  race  of  beings,  comparatively  imseen  and  imnoticed  by 
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the  Tmobaervant  €fye,  presents  all  tho  beauty  and  perfection  of  mecliaiiism  whioh  pre- 
ybUs  in  the  higher  orders  6f  the  animal  creation ;  so  truly  has  it  been  observed  that 
the*  wonders  of  the  mioroscope  fully  equal,  if  they  do  not  actually  surpass,  those  of  the 
teleacope.  Thus  is  ererything,  -even  in  the  very  depths  of  the  ocean,  and  howwer 
miaute,  wisely  adapted  to  the  purposes  of  its  being.  The  sea  anemones  attain  a  consi* 
derable  size ;  some  of  our  common  British  species  being  as  large  as  a  good-sized  applo. 
They  are  fiir  more  active  than  the  members  of  the  preceding  families,  and  enjoy  a  consi- 
derable power  of  loeomotion.  They  generally  adhere  by  the  lower  surface  to  a  rock  or 
some  other  submarine  body ;  one  species,  the  Actinia  parasUictif  attaches  itself  to  living 
crabs,  and  the  unfortunate  crustacean  may  often  be  seen  in  vivaria  crawling  about 
wHh  a  burden  on  his  back  nearly  as  big  as  himself.  Locomotion  is  effected  in  various 
ways :  sometimes  the  aniwials  creep  along  almost  imperceptibly  upon  their  base ;  some- 
times, but  more  rarely,  they  reverse  themselves,  and  walk  along  on  the  tipd  of  their 
tentacles.  Professor  Forbes  observed  an  Actinia  *^  walking  upthe  sides  of  a  glass,  by 
alternately  adhering  with  its  diso  and  base,  in  the  leech  fiiehion.'^  The  same  das- 
tingui^ed  naturalist  met  with  an  Actinia,  in  the  Mediterranean,  "which  is  habituaSy 
free,  and  swims 'by  contraetionSy'in  the  manner  of  a  Medusa." — (Johnston,  Beit.  Zooph. 
p.  235,  note.) 

The  tentacles  are  arranged  either  in  one  or  several  rows.  In  some  species  they  ore 
long- and  thin ;  in  others,  short  and  thick ;  in  most  of  them  the  tentacles  and  oral  disc 
can  be  retzacfted  Vithin  the  body;  but  in  the  genus  Anihea^  of  which  two  British  species 
are  known,  tiiey  are  always  exserted. 

^  The  Acliniadee  are  exceedinglyToracieus  in  their  habits,  feeding  upon  almoftt  any 
small  animals  tiiat  come  within  their  reach.  Shrimps  and  small  crabs,  whelks,  and  even 
sometimes  small  fishes,  fall  a  ready  prey  to  -these  ai^>arently  helpless  creatures.  In 
many  cases  the  objects  tdceninto  their* capaeious  maw  appear  to  bear.no  proportion  to 
the  originjal  size  of  the  animal,  or  to  its  power  of  prehension.  Thus  Mr.  Ck)Qks,  of  Fal- 
mouth, found,  in  the^ttnnaoh  of  a  specimen- of  Anthta  tf^r^uf,  the  remains  of  a  fish 'four 
inches  and  tUhalf  in  length ;  and  in  other  cases  he  met  with  crabs  of  two  inches  and  a 
qnortn'  in  diameter,  in  the  same,  situation.  Ih*.  Johnston  alsomentionsa  case  whi«h 
was 'brought  to  his  nofiee,  on  which  an  individual  of  Aetinia  ereuneomis  had  swallowed 
a  valve  of  a  soallop  shell  as  large  as- a  saucer.  He  says — "  The  shell,  fixed  within  the 
stomach,  was  so  'placed  as  to  divide  it  completely  into  two  halves  ;jm>  thatthe'body, 
stretched  tensely  over,  had  ^become  thin  and  fiottoned  like  a  pancake.  AH  eommanuca- 
tion  between  the  inferior  portion  of  the  stomach  and  the  mouth  was,  of  ooiirte,  'pre- 
vented ;  yet,  instead  of  emaciating  and  dying  of  an  atrophy,  the  animal  had  availed 
itself  of  what  undoubtedly  had  been  a  very  untoward  accident,to  increaseits  enjoyments 
and  its  chances  df  double  fare.  A  new  mouth,  furnished  with  two  rows  of  numerous 
tentaeula,  was  opened  up  on  what  had  been  the  base,  and  led  to  the  under  stomach. 
The  individual  had  indeed  become  a  sort  of  Siamese  twin,  but  with  greater  intimacy 
and' extent  in  its  unions."  'The  objects  swallowed  as  food  are  retained  in  ihe  stomach 
for  about  twelve  hours,  when  the  indigestible  matters  are  returned  through  the  month, 
coated  with  a  tUok  fluid,  something  like  the  white  of  an  egg. 

Although  BO  much  more  complicated  in  their  sfructure  than  the  Sydroy  whene  eac- 
treordinary  history  has  already  been  detailed,  these,  animals  possess  a  nearly  equal 
power  of  surviving"  and  repairing  an  amount  of  injury  that  would  be  fatal  to  most  other 
creaturesi  Br.  .Johnston  says:— "They  maybe  kept  without  food  for  upwards  of  a 
year;  they  may  be  immersed  in  water  hot  enough  to  blister  the  skin,  or  firozen  in  a 
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mass  of  ice  and  again  thawed ;  and  they  may  be  placed  in  the  exhausted  receiver  of 
the  air  pump,  without  being  deprived  of  life,  or  disabled  from  resuming  their  usual 
functions  when  placed  in  a  favourable  situation/'  The  most  serious  mutilations  appear 
to  be  equally  subjects  of  perfect  indifference  to  them;  their  tentacles  may  break  off  and 
new  ones  will  soon  spring  up  in  the  place  of  those  which  have  been  removed ;  the 
whole  upper  part  of  the  body  may  be  cut  away,  and  after  a  time  the  base  will  produce 
a  new  mouth,  oral  disc,  and  tentacles,  and  proceed  with  its  vital  functions  as  if  nothing 
had  happened  to  disturb  the  even  tenour  of  its  existence.  Nay,  it  is  said  that  if  the 
whole  body  be  torn  away,  leaving  only  a  portion  of  the  base,  this  fragment  will 
gradually  produce  a  new  creature.  Still  less  does  the  upper  portion,  when  amputated 
in  this  manner,  lose  any  fraction  of  its  vitality.  On  the  contrary,  as  soon  as  it  has 
recovered  from  the  shock  naturally  consequent  upon  such  imceremonious  treatment,  it 
resumes  its  former  activity,  stretching  out  its  tentacles  and  capturing  its  prey, 
apparentiy  quite  unconscious  that  it  has  no  stomach  to  put  it  into,— for  at  first  all  the 
food  taken  at  the  mouth  passes  out  at  the  opposite  end,  '^just  as  a  man's  head,  being 
cut  off,  would  let  out  at  the  neck  the  bit  taken  in  at  the  mouth."  The  Actinia  that 
has  undergone  the  operation  of  decapitation  has,  however,  one  great  advantage  over 
the  human  subject  who  has  been  placed  in  the  same  predicament :  this  condition,  which 
U  irremediable  in  the  latter,  case,  is  only  temporary  in  the  more,  fortunate  polype ;  and 
just  as  the  base  develops  a  perfect  oral  surface  in  the  place  of  that  which  it  has  lost, 
the  latter,  vhen  left  to  itself,  soon  closes  up  the  awkward  gap  in  its  lower  regions  with 
a  new  base,  which  retains  the  food  in  the  digestive  cavity,  and  adheres  to  submarine . 
objects  as  firmly  as  its  predecessor.  In  one  recorded  case,  the  upper  half,  instead  of  produc- 
ing a  new  base,  actually  developed  a  second  mouth,  with  its  complement  of  tentacles ;  so 
that  a. double  polype  was  produced,  which  captured  its  prey  at  both  ends  at  the  same 
time.  If  the  body  be  nearly  divided  perpendicularly,  the  two  halves  will  unite  again  in 
a.  few  days ;  but  if  the  section  be  complete,  two  perfect  individuals  ai*e  produced, — so 
that  a  process  which  to  most  animals  would  be  fatal,  is  here  only  a  means  of  propaga- 
tion. An  instance  of  the  tenacity  of  life  of  these  creatures  is  related  by  Hughes  in 
his  "  Natural  History  of  Barbadoes,"  After  describing  the  occurence  in  a  rock-pool, 
on  the  coast  of  that  island,  of  some  creatures  resembling  the  common  garden  marygold, 
which  protruded  themselves  from  holes  in  the  rock,  he  says : — "Many  people  coming 
to  see  these  strange  creatures,  and  occasioning  some  inconvenience  to  a  person  through 
whose  groimds  they  were  obliged  to  pass,  he .  resolved  to  destroy  the  objects  of  their 
curiosity  ;  and,  that  he  might  do  so  effectually,  caused  all  the  holes  out  of  which  they 
appeared  to  be  carefully  bored  and  drilled  with  an  iron  instnunent ;  so  that  we  oannot 
but  suppose  that  their  bodies  must  have  been  entirely  crushed  to  a  pulp ;  nevertheless, 
they  appeared  in  a  few  weeks  from  the  very  same  places."  "Yet  these  creatures," 
says  Br.  Johnston,  "  almost  indestructible  from  mutilation  and  injury,  may  be  killed 
in  a  few  short  minutes  by  immersion  in  fresh  water." 

Not  only  do  the  larger  fishes  and^Grustacea  retaliate  upop  the  Actiniae  the  -vrar 
which  tiiey  wage  with  their  weaker  brethren,  but  even  man  in  many  cases  finds  these 
zoophytes  most  delectable  articles  of  food.  By  the  Abb4  Dicquemare,  who  many  years 
agp  communicated  some  excellent  observations  upon  these  animals  to  the  Boyal 
Society,  they  seem  to  have  been  regarded  as  great  delicacies.  "  Being  boiled  some 
time  in  sea  water,"  says  the  Abb6,  "  they  acquire  a  firm  and  palatable  consistence,  and 
may  then  be  eaten  with  any  kind  of  sauce.  They  are  of  an  inviting  appearance,  of  a 
light  shivering  texture,  and  of  a  soft  white  and  reddish  hue.    Their  smell  is  not  imliVA 
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that  of  a  -warm  crab  or  lobster."  Mr,  Gosse  also  bears  testimony  to  their  excellenee ; 
and  an  amusing  account  of  his  first  culinary  efforts  upon  them  will  be  found  in  his 
delightful  Yolume  on  the  natural  history  of  the  Devonshire  coast. 

The  JJucemarickBy  which  form  the  seventh  and  last  family,  have  been  arranged  by 
some  authors  with  the  Asteroid  polypes,  as,  like  these,  they  possess  eight  tentacles,  or 
rather  eight  bundles  of  tentacles.  They  appear,  however,  to  be  more  nearly  allied  to 
the  Actinia  than  to  the  Asteroid  polypes ;  and  in  some  of  their  characters  they  approach 
the  Medusa,  which  constitute  the  following  class,  so  that  in  their  natural  position  they 
ought  probably  to  be  approximated,  as  nearly  as  possible,  to  those  creatures.  The  Lucev' 
narieUB,  of  which  several  species  are  found  on  the  British  coasts,  are  campanulate  animals 
of  a  gelatinous  consistence,  which  generally  adhere  by  a  narrow  stalk  to  sea- weeds  or 
other  floating  submarine. bodies.  The  anterior  widened  extremity  forms  an  oral  disc, 
which  is  either  quadrangular  or  octangular  in  its  form,  the  angles  being  more  or  less 
produced  into  pedicles,  which  bear  numerous  short,  knobbed  tentacles.  When  the  disc 
is  qiiadrangular,  the  pe- 
dicles are  forked  at  some  i^^— 
little  distance  from  their 
base;  so  that  there  are 
always  eight  tufts  of 
tentacles.  They  feed 
upon  any  minute  ani- 
mals that  may  stray  into 
the  neighbourhood  of 
their   tentacles,  which, 

when  seeking  for  food,  Fig.  49.— Lucemaria  auricula,  natural  size, 

are  stretched  out  to  their 
fall  extent ;  but  as  soon  as  any  unfortunate  creature  comes  in  contact  with  them, 
they  seize  it,  and  fold  it  into  the  mouth  immediately.  Mr.  Couch  says  that  only 
the  tuft  which  has  seized  upon  a  prey  is  turned  into  the  mouth,  the  others  remaining 
ei^panded  and  seeking  for  more.  Although  generally  stationary,  these  creatures  are 
able  to  swim  with  considerable  rapidity,  by  alternately  contracting  and  dilating  the 
body.  When  moving  in  this  way,,j^ey  continue  tJieir  contortions,  according  to 
Mr.  Couch,  untU  '*  they  meet  with  any  obstruction,  when  they  rest ;  and  if  the  situa- 
tion suits  them,  they  fix  themselves;  if  not,  they  move  on  in  the  same  manner  to  some 
other  spot."  In  moving  about  to  short  distances,  as  from  place  to  place  on  the  plant 
to  which  they  are  attached,  they  adopt  the  same  plan  as  the  Hydrcn^  bending  down 
their  oral  extremity  until  they  can  adhere  by  the  tentacles,  when  "  the  footstalk  is 
loosened  and  thrown  forward,  and  twirled  about,  till  it  meets  with  a  place  to  suit  it. 
It  is  then  fixed,  and  the  tentacula  are  loosened,  and  in  this  way  they  move  from  one 
spot  to  another.  Sometimes  they  move  like  the  Actiniae,  by  a  gliding  motion  of  the 
stalk." — Such  are  the  most  active  of  the  class  of  Polypes.  We  now  proceed  to  a  class 
of  animals  which  enjoy  freedom  of  motion  to  a  much  greater  extent. 

Class  II. — Discophoba. 

Genezal  Chazactexs. — In  walking  along  the  sea-beach,  as  the  tide  is  falling,  the 
attention  of  the  wanderer  is  often  attracted  by  the  number  of  singular  gelatinous  masses 
left  on  the  sands.  At  first  sight  it  would  never  be  suspected  that  these  are  really  living 
animals,  endowed  with  a  structure  of  considerable  complexity ;  but  a  very  little  exa- 
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Fig.  50.— Medusa  auiita. 


mination  will  soon  show  the  observer  Hat  this  is  the  case.  If  one  of  theee  himps  of 
jelly  be  put  into  a  clear  pool  or  basin  of  sea-water,  parts,>efore'oonfounded  in  a  shape- 
less mass,  immediately  unfold  themselves ;  a  circular  umbrella-like  disc,  surrounded  by 
numerous  short  filamentous  tentacles,  appears  to  support  the  creature  at  the  sur&oe  of 

the  water;  and  from  the  centre 
of  Ihis  hang  four  Jong  arms 
with  membranous  fringed 
margins.  This  is  the  Medtsta 
awrita  (Fig.  50),  the  com- 
monest Medusa  of  our  coasts, 
and  UNffit  have  been  observed 
by  any  one  who  ^has  looked 
into  the  water  from  a  boat  or 
jetty  in  cahn  weather.  In 
the  water  tiie  creature  swims 
along  most  gracefiilly  by  the 
A,  lateral  view,  showing  the  tentecles  hanging  down ;  B,  under  ^^^^^  contractJon-and  dic- 
tation of  its  transparent-disc. 
All  the  animals  of  this  class  present  a  structure  very  similar  to  this.  They  all 
I>ossess  a  disc  of  greater  or  less  convexity,  which  is  employed,  in  the. manner- already 
described,  for  the  purposes  of  locomotion ;  and  in  most  of  them  ~the  margin  of  tiiis  disc 
is  fumished  with  tentacles  or  cirri.  The  disc,  or  umbrella,  consists  of  two.  membranes, 
of  which  the  lower  is  called  the  sttb-umbrella.  In  the  centre  of  tins  the  mouth  is 
situated,  sometimes  at  the  extremity  of  a  peduncle  of  variable  length,  which  contains 
the  stomacb,  and  in  some  oases  also  the  ovaries.  The  mouth  is  most  frequently  fumi^d 
with  tentacles.  Some  genera,  although  provided  with  a  large  peduncle  or  with  tentacles, 
are  said  to  possess  no  mouth,  the  nourishment  being  absorbed  through  a  number  of  small 
pores  scattered  upon  these  organs,  and  communicating  by  minute  tubeswith  the  stomacb, 
which,  as  usual,  is  situated  in  the  peduncle.  Immediately  above  the  stomach  there  is 
frequently  a  second  cavity,  whence  a  system  of  vessels  takes-its  roe;  these  run  in.a 
radiating  direction  from  the  centre  to  the  circumference  of  the  sub^umbrella,  where 
they  are  united  by  a  circular  vesscL  In  some  cases  these  vascular  canals  arc  branched, 
and  sometimes  they  form  a  delicate  net- 
work, which  runs  through  the  whole  body 
of  the  creature.  When  the  supra-stomachal 
cavity  is  wanting,  the  vessels  open  imme- 
diately into  the  stomach  itself.  They  serve 
to  convey  the  products  of  digestion  from 
tbo  stomach  to  the  varioius  parts  o7  the 
body,  and  at  the  same  time  expose  it  to  the 
action  of  the  wato:  through  which  the  ani- 
mal moves.  The  tentacles  which  generally 
surround  the  mouth  vary  greatly  in  size 
and  form ;  those  of  the  margin  are  filiform 
and  very  variable  in  length.  At  the  base  the  marginal  teiitacles  (Fig.  51)  terminate  in  a 
small  bulb,  in  which  the  microscope  reveals  the  existence  of  one  or  more  minute  cavities, 
which,  from  their  structure,  and  supposed  connexion  with  the  faculty  of  hearing,  have 
received  the  name  of  otolitic  vesicles  (b).     They  consist  of  an  oval  or  roimdish  sac,  con- 


Wig^  61.— Margin.of  Oceania  octooa. 

a,  bases  of  marginal  tentacles ;  &,  otolitic  vesi- 
cles ;  c,  ocelli. 
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taizungJrom  one  to  mne,  or  even  more  globules.  In  additiozi  to  these,  the  bases  of  the 
mazgiital  tentacles. coatBui  other  organs,  whioh  also  oecur  on  other  parts  of  the  margin 
of  Hus  disc.  These  consist  of  email  jaaoMs  of  pigment  cells,  each  surrounding  a  minute 
sihcious  crystal.]  From  the  analogy  v of  their  structure  they  are  regarded  as  rudimentary 
eyes,  or. at  all  eyents  as  organs  by  -vi^hich  a  sensation  analogous  to  yision  is  produced, 
and  th^  have  consequently  Teceivedthe  naiae  of  eeelU  (c).  In  many  species  they  are 
present  in  great  numbers ;  and  in  the  more  hig^y  organized  forms  they  are  more  com- 
plicated in  their  structure,  and  protected  from  injury  by  membranous  hoods  or  cover- 
ings. Nevertheless,  although  the  visual  and  auditory  functions  of  these  curious  organs 
seem  to  be  admitted  on  all  sides,  the  existence  of  any  approach  to  a  nervous  system  in 
these  creatures  is  still  a  matter  of  great  doubt ;  so  that  if  the  ocelli  and  otolitic  vesicles 
really  perform  the  parts  assigned  to  them,  the  perceptions  conveyed  by  them  to  the 
animal  must  be  of  an  exceedingly  imper&ct  nature. 

The  stinging  power,  which  has  already  been  referred  to  as  common  to  several  groups 
of  radiate-animals,  is -possessed  by  many  Mtduta  in  the.  highest  perfection.  The  urti- 
eating  organs  in  Pelagianoctihtea,  9&  described  by  Professor  Wagner,  are  placed  in  warts 
or  tubercles  on  the  skin  of  the  animal.  These  waits  contain  aggregations  of  small  red 
pigment  granules,  aznongst  which  there  are  numerous  little  round  vesicles,  the  largest 
being  about  ^  line  in  diameter.  "Wathin  theae  little  capsules  a  spiral  thread  is  to  be 
seen,  which  bursts  out  of  its  case  on  the  slightest  pressiu'e ;  these  barbed  capsules  are 
always  found  in  the  urticatia.g  mucus  exuded  in  such  quantities  by  the  Medusa,  to 
which  they  are  considered  to  communicate  this  property.  One  or  two,  at  least,  of  our 
British  species  sting  most  severely,  although  others  are  :perfeotly  harmless.  Of  the 
Cyanesa  capillata^-a.  species  common  on  the  British  coast — Professor  Forbes  speaks  as 
follows  : — "  The  Cyan<Ba  capiUuta  of  our  seas  is  a  most  formidable  creature,  and  the 
terror  of  tender-skinned  baHiers.  "With  its  broad,  tawny,  festooned  and  scalloped  disc, 
often  a  fuH  foot,  or  even  more  across,  it  flaps  its  way  thrdugh  the  yielding  waters,  and 
drags  after  it  a  long  train  of  riband-like  arms  and  seemingly  interminable  tails,  marking 
its  course  when  the  body  is  far  away  from  us.  Once  tangled  in  its  trailing  *  hair,* 
the  unfortunate  who  has  recklessly  ventured  across  the  graceful  monster's  path  too  soon 
writhes  in  prickly  torture.  Every  struggle  but  binds  the  poisonous  threads  more  firmly 
round  his  body,  and  then  there  is  no  escape ;  for  when  the  winder  of  the  fatal  net 
finds  Ids  course  ioipeded  by  the  terrified  human  wrestling  in  its  coils,  he,  seeking  no 
combat  with  the  mightier  biped,  casts  loose  his  envenomed  arms  and  swims  away.  The 
amputated  weapons,  severed  from  tiieir^parent  body,  vent  vengeance  on  the  cause  of 
their  destruction,  and  sting  as  fiercely  as  if  their  original  proprietor  itself  gave  the  word 
of  attack."  This  is  a  large  species ;  most  of  the  smaller  ones  appear  to  possess  no  urti- 
caiing  power,  at^least  none  capable  of  Tnakipg  an  impression  upon  the  human  skin, 
althoi^gh  the  Abbe  Dicquemare  ^^  has  stated  that  certain  species  of  dcoima  sting,  though 
very  slightly,  and  only  when  they  eome  in  contact  with  veiy  sensitive  parts,  ^uch  as 
tte  eyes."  Host  of  our  readers  wiU  3>robably  follow  Professor  Forbes'  example  in 
refraining  from  the  repetition  of  the  worthy  Abb6's  experiment,  preferring  "  keeping 
their  eyes  intact  to  poking  J/Jj^mwc  into  them."  It  is  from  this  stinging  power  that  the 
Medusa  have  received  the  name  of  '^  sea  nettles,"  which  appears  to  have  been  applied  to 
them  in  all  ages  and  in  all  languages.  The  ancient  Greeks  called  them  .A/caXTi^at,  or 
nettles — a  name  which  was  adopted  into  modem  scientific  language  to  designate  the 
class  of  onimalfi  to  which  the  Meduta  belonged. 

The  clafis  Aealspha,  of  authors,  includes  not  only  the  animals  of  the  present  class. 
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but  also  those  of  the  two  following ;  and  the  whole  present  so  few  characters  in  common, 
that  Eschscholtz,  in  his  work  upon  this  department  of  the  animal  kingdom,  wasohliged 
to  confess  that  the  AedUphae  could  only  be  described  as  radiated  animals,  famished  with 
distinct  organs  of  nutrition  and  motion.  We  have,  accordingly,  preferred  following  the 
example  of  some  recent  zoologists,  who  have  abolished  the  class  Aealepha  altogether, 
and  raised  the  three  orders  into  which  tho^  ftniir^ftk  were  divided  to  the  rank  of  distinct 
classes.  The  phosphorescence  of  the  Medusa  has  already  been  alluded  to ;  and  we  shall 
not,  therefore,  recur  to  it  in  this  place. 

But  the  most  singular  incidents  in  the  biography  of  the  Medttsa  are  the  circumstances 
connected  with  their  reproduction.  They  are  all  propagated  hy  eggs,  which  the 
females  (for  these  animals  are  unisexual)  produce  in  glandular  organs,  sometimes 
arranged  in  bands  or  patches  on  the  surface  of  the  sub-umbrella,  and  sometimes  in 
cavities  at  the  base  of  the  peduncle.  But  these  ova,  when  excluded  from  the  body  of 
the  parent,  develop  an  animal  quite  different  in  form  from  that  from  which  they  sprang  • 
and  it  is  only  in  the  second  generation  that  the  original  Medusa  is  reproduced.  The 
eggs  are  developed,  to  a  certain  extent,  in  small  pouches,  placed  beneath  the  body,  and 
in  the  arms  of  the  mother,  whence  they  are  not  excluded  until  they  have  acquired  the 
form  of  an  active  inftisory  animalcule  (a  in 
the  annexed  figure),  famished  with  cilia, 
enabling  them  to  swim  freely  in  the  water. 
After  a  time,  the  little  animal  attaches 
itself  by  one  extremity  in  some  suitable  posi- 
tion {b),  and  awaits  its  farther  development. 


Fig.  52.~DeTelopment  of  Medusa. 


Arms  are  soon  formed  at  its  upper  extremity  (c),  and  it  now  presents  the  appearance  and 
takes  its  food  in  the  manner  of  a  Hydraform  polype.  At  this  stage  of  its  growth  buds 
are  often  produced,  just  as  in  a  true  Hydra  (rf).  The  body  now  increases  considerably 
in  length,  and  becomes  constricted,  or  divided  by  wrilikles  of  the  surface  into  numerous 
segments  (e) ;  these  become  more  and  more  distinct,  their  edges  become  notched,  and 
at  length  the  animal  resembles  a  pile  of  jagged  saucers  placed  one  upon  another,  and 
surmounted  by  a  crown  of  tentacles  (/).  At  length  these  separate  (^),  and  swim  about 
like  little  Medusa ;  and,  after  undergoing  some  changes,  they  acquire  the  form  and 
colouring  of  the  common  Medusa  aurita  of  our  coasts.  So  completely  do  what  for 
want  of  a  better  term  we  must  call  the  preparatory  states  of  these  animals,  resemble 
Hydroid  polypes,  that  their  connexion  with  the  Medusa  has  only  been  quite  recently 
discovered ;  and  the  species  just  referred  to  has  been  described  under  the  name  of  Hydra 
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Fig.  53.— Development  of  Sarsia. 

1.  Polypes  described  as  Syncoryne,  natural  size. 

2.  A  polype,  magnified,  a,  polype  stem;  h  cde, 
medusoid  buds,  in  various  stages ;  /,  tentacles  of 
the  polype. 

3.  Free  Medusa  of  the  genus  Sarsia, 


tuba.  Amongst  the  smaller  Medusa,  a  somewliat  different  mode,  or  rather  a  modification 
of  the  former  method  of  reproduction,  prevails.  In  these,  as  in  the  larger  species,  the 
ova,  when  excluded,  produce  po- 
lypes, from  which  animals  resem- 
bling the  parent  arise  by  a  process 
of  germination;  but  instead  of 
the  young  Medusa  being  produced 
by  the  division  of  the  whole  sub- 
stance of  the  polype  into  a  series 
of  superposed  cups,  they  spring 
from  its  body  like  true  buds,  which 
gradually  become  perfect  Medusi- 
form  animals  (Fig.  53).  They  stand 
in  much  the  same  relation  to  the 
polype  stock,  from  which  they  are 
produced,  as  the  flower  to  its  parent 
plant ;  and  if  we  imagine  a  plant 
in  wbich  the  flowers,  when  fully 
formed,  are  cast  off  to  perfect  their 
I  seed,  whilst  floating  in  the  medium 
which  surrounds  them,  we  shall 
obtain  a  very  good  idea  of  the 
mode  of  development  of  these 
small  Medusas,  The  polype-stages 
of  these    animals   resemble    the 

Tubularian  and  Sertularian  polypes.  From  these  circumstances,  some  zoologists  have 
proposed  the  removal  of  the  whole  of  the  Hydroid  polypes  into  the  present  class,  of 
which  many  of  them  are  certainly  only  stages  of  development.  Opinions  are  still  so 
much  divided,  however,  as  to  the  true  affinities  of  these  animals,  that  we  have  preferred 
leaving  the  Hydroid  polypes  in  their  old  position  to  placing  them  where  few  of  our 
readers  would  think  of  looking  for  them. 

These  facts  have  led  to  the  establishment  of  the  theory  of  the  "  alternation  of  gene- 
rations." .  Steenstrup,  who  was  the  first  naturalist  to  put  forward  this  idea,  as  a 
*^  general  fact  dependent  on  a  law"  defines  it  as  foUows: — "The  fundamental  idea 
expressed  by  the  words  AUemation  of  generations"  is  " the  remarkable  and  till  now 
inexplicable  phenomenon  of  an  animal  producing  an  o£&pring,  which  at  no  time  resem- 
bles its  parent ;  but  which,  on  the  other  hand,  itself  brings  forth  a  progeny  which 
returns  in  its  form  and  nature^to  the  parent  animal,  so  that  the  maternal  animal  does 
not  meet  with  its  resemblance  in  its  own  brood,  but  in  its  descendants  of  the  second, 
third,  or  fourth  degree  of  generation.  And  this  always  takes  place  in  the  different 
animals  which  exhibit  the  phenomena  in  a  determinate  generation,  or  with  the  inter- 
vention of  a  determinate  number  of  generations.  This  remarkable  precedence  of  one  or 
more  generations,  whose  function  it  is,  as  it  were,  to  prepare  the  way  for  the  later 
succeeding  generation  of  animals  destined  to  attain  a  higher  degree  of  perfection,  and 
wbich  are  developed  into  the  form  of  the  mother,  and  propagate  the  species  by  means 
of  ova,  can,  I  believe,  be  demonstrated  in  not  a  few  instances  in  the  animal  kingdom." 
Whilst  admitting  the  general  correctness  of  these  ideas,  which  he  considers  have 
"  given  a  strong  impulse  in  the  right  direction  to  Invertebrate  Zoology,"  Professor 
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fV>ribes  sayS)  **  tile  a»umption  of  defiinte  legnlaoily  in  the  aLtomations  is  a  Becondary 
and' non-essential  one,  and  traO)  probaUy,  when  distiirbing'  conditions  are  not  at  wodc. 
But  numerous  observations  .  ,  .  show  that  under  pecnliarciroumstanoeB,  in  what  may 
be  called  unnatural  situations,  the  polype  generations  may  go  on^oontinnally  jMroducing 
polype  generations;  and  those  uf  Sars  and  myself,  on  the  otiier  hand;  that  a  Medusa 
generation  may  go  on  producing  Medusa  generations ;.  althongfa,  under  noTmal  condi- 
tions iu'  each  instance,  tiiere  is  every  reason  to  su^ose  ttiat  zoophytio  and  Medusa 
forms  would  have  regularly  alternated."  At  least  fonr  BritiiA.  species 'of  Medusae  (two 
of  Zizeia  and  two  of  Sarsia)  have  the  power  of  producing'  young  animals  by  direct 
gemmation,  and  their  development  from  a  zoophytic  form  has  not  yet  been  observed. 
In  Litzia  and  Sarsia  gemmifera  the  buds  are  produced  fitmi  the  stomachal  pedundes ;  but 
in  the  other  species  of  Sarsia  {S.  prolifera)  they  originate  from  tlie  bulbsat  the  base  of 
the  tentades,  where  they  may  be  seen  attached  in  all  stages  of  develbpment.  "  Wliat 
strange  and  wondrous  changes !"  says  Professor  Foi4}e8,  after  detailing  his^  observations 
upon  the  last-mentioned  minute  Medusa.  "  Fancy  an  elephant,  with  a  number  of 
littie  elephants  sprouting  from  his  shoulders  aad  t^ghs,  bimches  of  tusked  monsters 
hanging,  epaulette-fashion,  from  his  flanks,  in  every  stage  of  advancement !    Here  a 

young   pachyderm^    al- 
¥  most?  amorphous-;  there 

^'^^'^^^  one.  more  advanced,  but 

aD.  ears  and  eyes ;  on-  the 
right  shoulder  a  yonthfid 
Ghuny,  with  head,  trunk, 
toes^  no  legs^  and  a«hape- 
less  body;  on  tiie  left,  an 
infant  better  grown  and 
straggling  to  get  awngr, 
but  his  tail  net  suffici- 
enliy  organised  as  yet  to 
permit  of  liberty  and  free 
Fig.  54.— Development  of  Sar8ia»  action !    The  comparison 

1*    8drn»  {femmifera.   a,  the  pedunde,  ivith  bads  in  vBtiont  stages  <of  seems-  grotesque  and  ab- 
development.    2.  The  base  of  the  tentacle  of  Sarsia  prolifera,  a,    ^-n .  v«^  ,•<.  ,.«-ii 
t«ntaole;  6,oeeUu8;  oc-c,yonngbnd8;  d,  a  nearly  mature  bud.     «ml,   Dut  it  reaUy  ex- 
presses what  we    have 
been  describing  as  actually  occurring  among  our  naked-eyed  Meduss.    It  is  true  l^t 
the  latter  are  miiinte;  but  wondecs  are  not  tiie  less  wondeifal  for  being  packed  into 
small  compass." 

Wonderfully  beautiful'  as  are  these  creatures  in  form  and  colour,  l^e  amount 
of  solid  matter  contained  in  their  tissues  is  incredibly  smalL  The  greater  part  of  t^eir  ■ 
substance  appears  to  consist  of  a  fluidi  difft^ring  littie,  if  at  all,  £rom  the  sea^water  in 
whicb  the  animal  swims ;  and'  when  ^sis  is  drained  away,  so  extreme  is  the  tenuity  of 
the  membranes  which  contained  it,  that  tiie  dried  residue  of  a  ''jelly  fish,"  weighing 
two  pounds,. which  was  examined  by  Professor  Owen,  weighed  only  thirty  grains.. 
Tet  t^ese  creatures  are  capable  of  e^cecuting  movements  with,  considerable  vivacity, — 
their  disc  contracts  and  dilates  alt^nately  by  the  action  of  a  band  of  what  must  be 
regarded  as  a  muscular  tissue, — ^their  tentacles  are  capable  of  seizing  upon  and  de- 
stroying, by  a  subtie  venom,  aTiimals  of  far  more  complicated  structure  than  themselves, 
and  their  delicate  stomachs  have  the  power  of  speedily  digesting  the  victim.     In  fact, 
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in  spite  of)  the  extrome  delloaey  of  Oimt  taztoxe,  the  MedussB  are  amongst  the  mos 
yoRuaons  inhabitsotB  of.  the  ocean.  Small  fiaheS)  and  Cnntaoea^and  all  the  infinite 
nmUatade  of  minute  marme  creatures,  ace  seised  and  pandyxed  by  their  deadly  arms ; 
and  as  the  mouth  and/  stomach  are  oi^ble  of  almost  indefinite  dilatation,  the  size  of 
their  prey  often  appears  exceedingly  diqtroportianate.  Of  the  voracity  of  one  of  the 
most  deUcate  and  beautSM  of  the  small  Mediue  inhabiting  Hie  British  shores,  the 
Sarsia  tubulosa,  a  little  creature  of  the  size  and  shape  of  a  Y«ry  small  child's  thimble, 
Professor  Forbes  speaks  of  a»  foUows;.— "  Beiog  kept  in  ajar  of  salt  water  with  small 
Crustacea,  they  devoured  these  animals,  so  much  more,  highly  organized  than  them- 
selves, voraciously;  apparently  enjoying  the  destructian  of  the  unfortunate  members 
of  the  upper  classes  with  a- truly  demoaratic  relish,  (hie  of  them  even  attacked  and 
commenced  the  swallowing  of  a  Liseia  octopunetata,  quite  as  good,  a  Medusa  as  itself. 
An  animal  which  can  pout  ont  its  month  twice  the  length  of  its  .body,  and  stretch  its 
stomach  to  corresponding  dimensions,  mnst^  indeed,  be  'a  triton  among  the  minnows,' 
and  a  very  terrific  one  too."  Mr.  Peach  has  described^  in  the  ^*  Annals  of  ITbtural 
History,"  a  case  in  which  a  specimen' of  Thaumtmtiaa  lucifera  had  seized  the  head  of  a 
Siigitta,  a  very  active  molluscous  animal^  and  -enfiered  itself  to  be  turned  completely 
inside  ont  ratiier  than  let  go  its  hold. 

Bivisionfli— Much  still  remains  to  be  done  to  the  subordinate  dassifioation  of  these 
animals.  Prof.  Forbes  divides  the  Mednsss  inta  two  great  divisions,  which  we  shall  adopt 
as  orders.  In  liie  first  of  these; 
the  ocelli,  or  eye-like  spots, 
surrounding  the  margin  of  l&e 
disc  arenaked  (Fig.  65,  1) ; 
whflst  in  the  others  these  or- 
gans are  protected  by  more  or  i 
less  complicated  membranous 
hoods  or  lobed  coverings  (Fig. 
55,  2).  Hence  the  former  are 
called  Of/ftmqphthalmata  (or 
naked-eyed),  the  latter  Stegran- 
opkthahruUa  (or  covered-eyed).. 
In  the  former  the  ocelli,  when 
present,  are  always  placed  on 
the  bidbs  at  the  base  of  the 
tentaclbs,  and  frequently  also 
on  the  interstioes  between  these.  In  the- second  group,  on  the  contrary,  they  are  always 
placed  between.the  marginal  tentacles. 

Obdeb  I. — Gymnophthalmata. 

CknexaX  Cliaxscteirs.— In  addition  to  the  simplicity  in  the  structure  of  the 
ocelli,  we  find  that  it  is  characterized  by  a  similar  simplicity  in  the  arrangement  of  the 
vascular  system.  The  vessels  running  from  the  stomach  to  the  margin  of  the  disc  are 
either  perfectly  simple,  forming  so  many  straight  bands,  dividing  the  body  of  the  animal 
into  from  four  to  eight  perpendicular  segments,  or  merely  branched  at  some  distance 
from  their  origin ;  each  branch,  however,  running  directly  to  the  margin  without  uniting 
in  any  way  with  its  fellows.    The  disc  in  some  species  is  considerably  depressed ;  in 


Eiir.  53.— Ocelli  of  MeduBe. 
Sarsia  tubulosa.  2.  Felagia  panopyra. 
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others,  and  indeed  in  the  majority,  it  is  more  globular,  or  even  somewhat  cylindrical  in 
its  form.  The  tentacles  and  ocelli  are  often  very  numerous,  although  no  more  them 
four  of  each  exist  in  some  species.     The  animals  of  this  order  are  further  characterized 

by  their  mode  of  reproduction,  as  they  are  all,  as 
far  as  we  know  at  present,  produced  by  actual 
gemmation  &om  Tubularian  and  Sertularian 
polypes. 

Divisions.— Professor  Forbes,  in  his  work 
upon  the  British  species  of  this  order,  to  which 
we  are  so  largely  indebted,  divides  this  group 
into  six  families,  characterized  principally  by  the 
number  and  position  of  the  vessels  and  ovaries.  The 
first  of  these,  the  SarsidcBj  includes,  together  with 
several  other  genera,  the  SarsicB  and  Zizzue,  already 
mentioned  as  producing  young  Medusae  by  gem- 
mation irom  their  central  peduncle  and  from  the 
base  of  the  marginal  tentacles.  In  these  the  ova- 
ries are  imbedded  in  the  substance  of  the  peduncle. 
They  have  four  simple  vessels,  and  generally 
only  four  tentacles,  each  bearing  an  ocellus  at  their 
base.  In  Zizzia,  the  margin  of  the  umbrella  bears 
eight  bulbs,  each* containing  an  ocellus;  of  these, 
four  are  larger  than  the  others,  and  to  each  of 
these  three  tentacles  are  attached ;  the  other  four 
bear  two  tentacles  each.  In  Modeeria,  although 
there  are  but  four  tentacles,  an  additional  ocellus 
is  placed  between  each  pair.  The  Modeeria  formosa,  of  which  we  have  given  a  figure, 
is  one  of  the  most  charming  of  these  charming  little  creatures. 

In  the  second  family,  the  Geryonidm,  the  vessels  are  also  simple  and  four  in  number; 
but  the  ovaries,  of  which  there  are  also  four, 
instead  of  being  imbedded  in  the  peduncle  are 
placed  in  the  course  of  the  vessels  on  the  sub- 
lunbrella.  The  tentacles  vary  greatly  in  num-. 
her.  In  some  species  there  are  only  four  of 
these  organs,  each  bearing  an  ocellus ;  in  others 
the  number  of  both  organs  is  increased,  until 
in  the  Thaumantias  pilosellay  of  which  a  magni- 
fied figure  is  here  given,  there  are  about  a 
hundred  principal  extensible  tentacles,  spring- 
ing from  ocelliferous  bulbs ;  whilst  in  each  of 
the  intervals  between  these,  six  or  seven  shorter  ^ig.  57.-Thaumantia8  pUoseUa. 

fibres  or  secondary  tentacles  are  placed.     Different  species  of  Thaumantiaa  are  most 
important  agents  in  producing  the  luminosity  of  the  European  seas. 

The  third  family,  CirceidcBj  includes  only  a  single  genus,  of  which  the  few  species  are 
scattered  over  very  distant  parts  of  the  world.  One  is  found  on  the  coast  of  Kamtschatka, 
two  on  the  African  coasts,  and  a  fourth  has  been  discovered  by  Professor  Forbes  off  the 
Shetland  Isles.  In  this  there  are  eight  radiating  vessels,  and  eight  small  oyaries 
placed  on  the  sub-umbrella  in  the  course  of  the  vessels. 


56.— Modeeria  formosa. 
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In  the  JSquoridOy  amongst  which  are  induded  some  of  the  largest  species  of  naked- 
eyed  Medasss,  the  vessels  are  simple  and  generally  numerous  (neyer  less  than  ei§^t) ; 
and  the  ovaries  are  linear,  and  placed  on  the  course  of  the  ves- 
sels on  the  sub-umhrella.  Two  British  species  of  this  family 
are  described  and  figured  by  Professor  Forbes ;  but  the  species 
are  more  numerous  in  warmer  latitudes. 

The  Medusae,  composing  the' fifth  family  (the  OeeantdtB,  Fig. 
58),  are  amongst  the  most  delicate  and  beautiful  of  the  class. 
They  consist  of  a  little  conical  or  globular  glassy  body,  within 
which  a  variously  coloured  peduncle  may  be  seen.  The  lower 
margin  is  fringed  with  tentacles  which  vary  greatly  both  in  num- 
ber and  colour.  They  possess  four  simple  vessels ;  and  the  ovaries 
are  placed  in  the  upper  part  of  the  stomachal  peduncle,  in  the  form 
of  convoluted  membranous  tubes,  which  render  themselves 
noticeable  through  the  clear  substance  of  the  animal  by  their 
brilliant  colour.  In  Turris,  one  of  the  genera  of  this  family, 
the  tentacles  are  exceedingly  ntmierous;  whilst  in  another 
genus  {8aphenia)y  their  number  is  reduced  to  two. 

The  sixth  family,  Willsidce,  is  distinguished  from  all  the 
rest  by  the  branched  form  of  the  radiating  vessels.  ..  These  are 
six  in  number.  After  running  some  little  distance  from  the 
centre  of  the  sub-umbrella,  they  fork ;  and  each  of  the  branches 
again  forks  before  reaching  the  margin ;  so  that  the  marginal 
vessel  receives  the  terminations  of  twenty-four  radiating  ves- 
sels. From  the  point  of  junction  cf  each  of  these,  a  tentacle 
takes  its  rise.  There  are  six  ovaries  placed  round  the  base  of 
the  stomach. 


Fig.  58. 


Oceaxda  episcopaHs. 


Obobb  II. — Steoanophtsalmata. 


Genezal  Chazactexs. — ^The  Medusae  of  this  order  are  distinguished  from  those 
belonging  to  the  preceding  by  several  other  characters  besides  those  already  described. 
The  vessels,  instead  of  running  straight  from  the  centre  to  the  circumference  of  the  disc, 
are  variously  branched,  and  their  branches  unite,  mor6  or  less,  with  each  other  before 
reaching  the  margin.  The  margin  of  the  disc  is  divided  into  eight  principal  segments 
by  a  similar  number  of  notches,  in  each  of  which  an  ocellus  is  placed.  The  intervals 
between  these  notches  are  also  frequently'notched  once,  twice,  or  even  more  frequently ; 
and  from  these  points  the  tentacles  generally  take  their  rise.  The  generative  organs 
are  attached  to  the  base  of  the  peduncle,  where  this  exists,  or  placed  around  the  base  of 
central  tentacles  where  the  peduncle  is  wanting.  But  few  observations  have  been 
made  upon  the  development  of  these  animals ;  those  whose  progress  has  been  traced  are 
found  to  be  produced  by  the  spontaneous  transverse  division  of  a  Hydraform  polype, 
which  itself  has  arisen  from  the  egg  of  the  parent  Medusa  (Fig.  52,  p.  252).  Many  of 
these  animals  attain  a  gigantic  stature,  when  compared  with  the  minute  and  delicate 
creatures  of  the  preceding  order ;  the  Mhtzostoma  Cuvieri,  a  British  species,  measuring 
two  feet,  or  even  more,  in  diameter ;  whilst  some  of  the  inhabitants  of  tropical  seas  are 
said  to  attain  a  still  larger  size.  In  calm  weather  they  often  swim,  close. to  the  sur&ce 
of  the  sea,  in  such  multitudes  as  to  impede  the  motion  of  a  boat  through  the  water. 
Sucli  a  fleet  as  this,  seen  with  the  sun  shining  strongly  upon  them,  is  a  magnificent 
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spKtaeley  firom  the  beautiful  iridescence  with  which  the  sunlight  is  reflected  to  the  eye 
of  the  beholder.  With  the  i^proaoh  of  night  this  scene  of  beauty  only  gives  jdaoe  to 
another;  fon  these  MedusflB  are  aa  luminous  in  the  dackas  their  snudler  bretltten. 

DiTiflions.~This  order inokides  two &milies.  TkeMedusida  have  a  centeal  mQuli, 
surrounded,  by  four  tentacles,  and.  I^e  remainder  of 
their  organs,  acnniged  in  fours,  or  multiples  of  four. 
The  mai^in  ^f  the  disc  ia  aL30*gen^:ally  famished 
with  tentacles.  Several  of  these  inhabit  the  British 
eeaa.  The  Medusa  auHtOy  already  figurod  (p.  250) , 
the  Pdagia  eyantlia,  of  which  the  annexed  (Fig»  59) 


Fig.  59.— Pelagia  cyaneila. 


Fig.  eo.-^RbizoBtoma. 


is  a  representation,  and  the  Qi/anaa  captBata,  the  account  of  whose  urticating  powers 
we  have  given  in  the  words  of  Professor  Forbes,  may  serve  as  examples. 

In  the  second  family,  the  Bhizoatomidai,  there  is  no  apparent  mouth,  and  the  animal 
is  said  to  derive  its  nourishment  by  a  species  of  absorption  through  numerous  minute 
canals  which  peianeate  the  stomachal  peduncle  and  tentacles.  The  latter  are  usually 
bvanohed,  so  as  to  be  apparently  rather  numerous  at  the  extremities.  The  margin  is 
never  fiimished  with  tentacles.  One  species  of  this  family,  the  Bhizostoma  Ctwieri  (Fig. 
60),  is  found  on  the  British  coasts. 

Class  III. — Ctenophora. 

•  fieneial  Cluuractexs. — We  now  come  to  a  class  of  animals,  the  real  nature  of 
which  is  still  to  be  made  out.  They  are  gelatinous  transparent  creatures,  generally  of 
an.  oval  form,  enabled  to  swim  freely  by  the  action  of  variously  arranged  rows  of  cilia. 
The  body  of  these  animals  has  so  much  more  of  the  bilateral  than  of  the  radiate 
type  iu  the  arrangement  of  its  parts,  that  their  place  amongst  the  Badiata  has  been 
disputad;  and  M.  Vogt  has  placed  them  in  the  neighbourhood  of  the  Bryozoa,  or 
'MoUusooid  Zoophytes,  as  low  forms  of  MoUusca.  The  radiate  arrangement  of  the 
bands  of  cilia  in  most  cases,  and  still  more  the  presence  of  urticating  organs  in  the 
tentacles,  may  justify  our  retaining  them  for  the  present  in  this  position. 

The  cilia  in  the  bands  are  arranged  in  transverse  lines,  and  the  cilia  of  each  line  are 
frequently  united  at  the  base,  so  as  to  form  minute  lobes,  which  are  moved  rapidly  to 
and  fro,  and  thus  enable  the  creature  to  swim  backwards  and  forwards,  or  in  any  other 
direction,  at  pleasure.    Numerous  and  minute  as  these  organs  are,  each  of  them  appears 
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to  be  individually  under  the  control  of  tke  animal.  When  in  action  they  produce  the 
most  beautifiil  iridescent  ooloura,  so  that  it  is  eaay  to  detect  the  means  by  which  tiie 
creature  raries  its  course, — now  paddling  with  one^  and  now  with  another,  of  its  mimic 
wheels.  The  mouth<  leads  sometimes  immediately,  sometimes  thionghanaiTOw  oanal, 
into  a  large  stomaoh,  which  opens  again  into  a  fumiel-shaped  cavity  at  the  opposite 
extremity' of  the  ajis  of  the  body.  In  the  neighbourhood  of  the  mouth  there  is  goM- 
rally  a  pair  of  very  long,  branched  tentacles,  capable,  however,  of  beioig  contracted  to 
an  extraordinary  extent ;  these,  when  contracted,  are  usually  received  into  a  pair  of 
cavities  or  sheathes,  placed  close  to  the  stomach,  where  they  lie  coiled  up,  imtil  again 
wanted  for  the  capture  of  prey.  The  rudiment  of  a  nervous  system,  consisting  of  a 
single  ganglion,  giving  off  a  few  branches  in  various  directions,  is  said  to  exist  in  these 
animals;  and  a  sort  of  vascular  system, 
apparently  for  the  conveyance  of 
water,  rising  from  the  anal  funnel, 
runs  along  the  course  of  the  bands  of 
cilia.  The  vessels  are  lined  with  a 
ciliated  epithelium,  and  are  probably 
to  be  regarded  as  respirtttory  organs. 
The  mode  of  reprodnction  of  tiie  Cterm- 
phara  is  BtiH  enveloped  in  mystery. 
They  are  supposed  to  be  hermaphro- 
dites, and  ova  have  been  iowad  in  the 
neighbourhood  of  the  aquiferous  ves- 
sels; but  where  these  are  produced  is 
not  yet  ascertained.  These  singular 
animalfl  form  but  one  order,  which  is 
divided  into  two  families. 

The  Beroid<By  which  form  the  first 
£unily,  may  almost  be  said  to  possess 
no  true  stomach,  the  body  being  so 
formed  as  to  inclose  a  great  cavity,  of 
which  the  hinder  portion  serves  as  a 
digestive  organ.     When  the  animals 


Fig.  61.— BercB  Punctata. 

have  much  food  in  this  cavity,  they  constrict  the  middle  of  the  body  so  as  to  prevent 

any  of  it  frcan  escaping.  The  body  is  oval  or 
roundish,  with  eight  rows  of  cilia  running  from  end 
to  end  of  the  body  (Fig.  61).  The  mouth  is  large, 
and  op^is  and  shuts  with  facility ;  it  is  generally 
held  open  when  the  creature  is  in  motion.  The 
tentacles  are  wanting  in  this  family. 

The  CallianiridcB  are  distinguished  from  the 
preceding  family  by  the  small  size  of  the  stomach 
and  mouth,  and  by  its  possession  of  filamentous  ten- 
tacles. The  little  Cydippe,  already  figured  (p.  228, 
Fig.  28),  which  is  common  in  the  British  seas,  is  a 
good  example  of  this  group.  The  most  singular  of 
Fig.  62.-Ce8tum  Veneris.  these  animals  is  the  Cesium  Veneris,  or  girdle  of 

Venus  (Fig.  62),  which  inhabits  the  Mediterranean,  and  which  at  first  sight  would  be    I 
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taken  for  anything  rather  than  a  near  relation  of  the  little  globular  Cydippe.  In  this 
enrions  creature  the  sides  of  the  body  are  produced  into  a  long  ribbon,  which  some- 
times attains  the  length  of  four  or  fire  feet ;  the  mouth  and  digestive  organs  being, 
however,  confined  to  their  original  position  in  the  middle  of  the  body.  This  animal  is 
one  of  the  most  beautiful  inhabitants  of  the  ocean.  When  in  motion  its  waving  cilia, 
which  are  placed  along  all  the  margins  of  the  body,  glitter  with  all  the  tints  of  the 
rainbow ;  and  at  night  it  appears  like  a  long  waving  flame  in  the  water. 

Class  IV. — Siphonophoba. 

The  Siphonophora  form  another  group  of  animals,  of  which  we  have  still  much  to 
learn  before  their  true  natue  and  relations  can  be  ascertained ;  and  it  is  probable  that, 
as  our  knowledge  of  them  increases,  it  will  be  found  impossible  to  include  them  all  in 
the  same  class.    They  are  divided  into  two  orders — ^the  Ckondrograda  and  Physograda, 

Obdeb  I. — Chondbooeada.    ' 

These  animals  are  called  Ckondrograda  from  the  circumstance  that  the  circular  gs 
oval  disc,  of  which  their  body  is  composed,  is  supported  upon  a  somewhat  cartilaginous 
plate,  which  sometimes  even  contains  a  calcareous  deposit ;  the  lower  surface  of  this 
disc  is  furnished  with  cirri,  diany  of  which  are  tubular.  The  cartilaginous  plate  is 
somewhat  cellular  in  its  texture,  and  the  cells  are  filled  with  air,  which  assists  the 
animal  in  floating  on  the  surface  of  the  water.  In  the  middle  of  the  lower  surface  of 
the  disc  there  is  a  larger  tubular,  tentacle-like  organ,  which  has  been  taken  for  the 
mouth  by  some  observers ;  by  others,  for  the  orifice  of  the  aquiferous  system.  This 
central  opening  is  surrounded  by  many  smaller  ones,  the  offices  of  which  are  as 
uncertain  as  those  of  the  principal  tube.    Many  of  these  creatures  are  exceedingly 

beautiful,  blue  being  their  pre- 
vailing colour.  In  JPorpita,  one 
species  of  which  is  found  in  the 
Mediterranean,  the  disc  is  sur- 
rounded by  a  beautiful  fringe  of 
tentacles ;  but  the  most  remark- 
able structure  is  presented  by 
the  Velella  (Fig.  63),  in  which 
an  oblique  upright  crest  is  de- 
veloped upon  the  upper  surface 
of  the  disc,  serving  as  a  sort 
of  sail  to  waft  the  little  mariner 
from  place  to  place.  One  spe- 
cies of  this  genus  is  found  on  the 
coasts  of  Ireland. 


Fig.  63.— Velella. 


Obdeb  II.— Physogbada. 

The  characteristic  of  the  animals"  forming  this  order  is,  that  they  are  furnished  with 
a  vesicular  organ  containing  air,  which  serves  as  a  float  to  buoy  them  up  in  the  water. 
They  are  divided  into  two  families.  In  the  first,  the  Fkysalida,  the  animals  are  com- 
posed of  large  vesicular  gelatinous  bodies,  bearing  on  their  lower  surface  a  quantity  of 
vermiform  tentacles  and  suckers,  intermixed  with  filiform  tentacles  of  great  length. 
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j  The  float  consists  of  two  bladders,  placed  one  within  the  other ;  the  inner  one  is  com- 
1  pletelj  closed,  and  fiUed^with  air ;  the  outer  possesses  a  crest  at  its  upper  part,  which 
i  senres,  like  the  saU  of  YeleUa,  for  its  propulsion  whilst  floating  at  Ihe  surface  of  the 
j  water.  The  tentacles  can  also  be  retracted  within  this  outer  bladder  at  the  pleasure  of 
I  the  animal.  The  best  known  of  these  animals  is  the  PhysaUa  atlantica^  which  has 
<  received  from'  our  sailors  the  name  of  the  Portuguese  Man-of-War.  They  swim  in  great 

crowds  at  the  surface  of  the  water,  and  possess  a  very  strong  urticating  power. 

The  animals,  forming  the  second  family,  the  JHphyida,  are  compound  creatures, 
•  whose  structure  has  always  been  a  fertile  source  of  discussion  amongst  naturalists. 
;  They  have  recently  formed  the  subject  of  several  excellent  papers  from  the  pen  of 
'  Mr.  Huxley,  who  considers  them  to  be  nearly  allied  to  the  common  fresh-water  polype 
j  {Hydra)  f  whose  singular  history  has  already  been  described.  In  their  simplest  form 
I  they  consist  of  two  transparent  pieces,  one  or  both  of  which  contains  a  cavity,  by  the 
;  contraction  of  which  they  are  propelled  through  the  water.   The 

union  between  these  pieces  is  very  slight ;  and,  when  detached, 

each  piece  moves  independently  for  a  considerable  time.    From 

this  circumstance  they  have  been  regarded  as  two  distinct 
I  animals,  which,  however,  are  always  found  inserted  into  the 
I  cavity  of  the  other.  They  have  been  divided  into  numerous 
'  genera ;  the  characters  of  which  are  principally  derived  from 
j  the  form  of  the  component  pieces.  They  frequently,  however, 
j   assume  a  much  more  complicated  appearance.      The  larger  or 

including  individual  produces,  from  the  bottom  of  its  cavity,  a 

slender  stalk,  which  is  continually  increasing  in  length,  and 

from  which  new  polypes  are  produced  at  the  portion  nearest 

the  original  polype.     In  this  manner  a  chain  of  polypes  is 

formed,   each   presenting  a  considerable   resemblance   to   its 

original  parent,   and  each  also   exerting  a  certain  degree  of 

independent  movement ;  although  the  superior  power  of  the  large 

parent  animal  always  determines  the  direction  in  which  the 

whole  mass  shall  move  through  the  water.     In  some  of  these 

animals  (as  Stephanomia)^  the  complication  becomes  most  extra- 
ordinary ;  but  it  would  be  impossible,  in  our  confined  space,  to 

give  an  intelligible  description  of  the  varied  and  wonderful 

forms  of  these  animals,   which  are  to  be  met  with  in  most 

seas,  although  they  are  most  abundant  in  those  of  warm  climates. 

Class  V. — Echinodeemata. 
Oenezal  Chazactexs. — ^The  Echinodermata,  the  fifth  and  highest  class  of  animals 
included  by  naturalists  in  the  Radiate  division,  exhibit  a  considerable  advance  in  com- 
plexity of  structure  over  the  simple  gelatinous  creatures  which  we  have  hitherto  had 
under  consideration.  They  are  at  once  distinguished  from  these  by  the  structure  of 
their  skin,  which,  instead  of  the  delicate  membranous  texture,  so  characteristic  of  the 
other  Radiata,  presents  a  more  or  less  leathery  consistency,  and  always  contains  a 
larger  or  smaller  amount  of  a  calcareous  deposit,  which  frequently  increases  to  such  an 
extent  as  to  form  a  complete  shell  or  crust  inclosing  all  the  soft  parts  of  the  animal. 
The  skin  is  also  destitute  of  the  curious  urticating  organs  (thread  cells)  which  are  so 
constantly  present  in  all  the  other  animals  of  this  division.     The  amount  of  the  calca- 


Fig.  C4.-Diphye«. 
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reons  deposit  in  the  skin  varies  greatly  in  the  different  animals  composing  the  class. 
In  some  (as  the  SolotJturim)  it  forms  small  iiregnlar  grains,  scattered,  not  very  plen- 
tifully, tlu*oagh  the  substance  of  the  skin ;  in  others,  as  the  Star-fishes  (SteUerula),  it 
constitntes  plates  of  various  forms,  fitting  oloscly  to  one  another,  but  only  connected  by 
the  agency  of  the  true  skin ;  so  that  although  the  body  is  completely  encased  in  a 
suit  of  calcareous  armour,  every  part  of  it  still  retains  considerable  flexibility.  In 
others  again,  as  the  Sea-eggs  or  Sea-urchins  {Eehinida),  these  plates  are  positively 
united  together,  forming  a  continuous  shell,  within  which  all  the  organs  of  the  animal 
are  inclosed.  Upon  most  of  those  calcareous  plates  tubercles  are  to  be  seen,  which 
serve  for  the  articulation  of  moveable  spines,  often  of  considerable  size.  These  assist 
the  animal  in  its  motions ;  and  it  is  from  their  almost  universal  presence  tiaat  the 
name  of  the  class  (Echinodcrmata, — ecMnoa  a  spine,  and  derma  skin)  is  derived* 

In  their  form  the  Eohinodevmata  vary  greatly.  They  generally  present  a  radiate 
arrangement  of  their  parts,  with  great  distinctness ;  some,  of  which  the  welloknown 
Star-fish  of  our  coasts  may  be  taken  as  an  example,  actually  assuming  the  form  of  star. 
In  the  globular  Sea-eggs,  also,  the  same  stellate  structure  may  be  obsemred ;  but  it 
appears  to  be  almost  lost  in  the  worm-like  Holoihuria  (Fig  71),  in  which,  however, 
the  tentacular  crown,  surrounding  the  anterior  extremity,  still  presents  a  radiate 
appearance. 

The  organs  of  moti6n  are  very  similar  throughout  the  class ;  they  consist  of  a  mol- 
titude  of  minute  feet,  called  amhulaeray  which  are  protruded  through  a  number  of 
perforations  left  for  this  purpose  in  particular  plates  (hence  called  amkdaeral  plaiea), 
or  through  the  interstices  of  the  calcareous  pieces  composing  the  covering  of  the  ammal. 
The  structure  of  these  minute  organs  is  yerj  interesting.  In  their  most  perfect  form 
they  are  vermiform  tubes,  furnished  at  their  extremity  with  a  distinct  sucking  dise, 
which  is  stretched  to  its  proper  form  by  a  small  calcareous  ring.  The  tube  communi- 
cates through  its  aperture  with  a  small  vesicle  containing  fluid,  situated  within  the 
shell ;  and  it  is  by  the  contraction  of  this,  and  the  consequent  propulsion  of  the  fluid 
into  the  oavity  of  the  tube,  that  the  extension  of  the  ambulacrum  is  eflfeoted. 

The  walls  of  these  little  feet  are  aU  composed  of  two  museular  ooals,  an  inner 
longitudinal  and  an  outer  circular  one ;  and  it  is  by  lihe  action  of  these  that  the 
ambulacra  are  enabled  to  move  about  in  the  water  in  search  of  some  object  to  wfaieh 
to  attach  themselves.  The  longitudmal  muscular  coat  also  serves  to  oontiaet  the 
organ  as  soon  as  the  relazation  of  the  vesicle  allows  the  fluid  to  {km  back  £rom  the 
cavity  of  the  tube,  when,  if  the  terminal  suckers  are  attached  to  any  fixed  objeoty 
the  body  of  the  animal  is  of  course  drawn  in  the  direction  of  the  contraetioD.  The 
combined  action  of  a  number  of  ambulacra  is,  however^  necessary  to  move  an  animal 
of  a  size  so  out  of  all  proportion  to  its  diminutive  legs  as  an  ordinary  Star-fish  or 
Sea-egg.  One  of  these  creatures  in  motion  is  a  most  interesting  sight.  The  little 
guckers  are  extended  in  every  direction,  often  to  sucb  an  extent  that  they  appear  only 
like  thin  semi-transparent  hairs.  At  length  one  fij^es,  then  another  and  another,  until 
at  last  a  number  of  them,  all  contracting  together,  drag  their  imwieldy  owner  a  step 
forward.  By  means  of  these  organs  both  the  Star-fishes  and  the  Urchins  can  creep  up 
the  surface  of  glass  with  great  facility ;  and  so  firmly  do  they  adhere^  that  the  animal 
may  be  broken  away,  leaving  his  limbs  sticking  to  the  glass. 

The  existence  of  a  nervous  system  in  the  Eohinodermata  is  generally  admitted  by 

zoologists.     It  is  said  to  consist  of  a  series  of  ganglia,  or  knots  of  nervous  matter  sur- 

■^unding  the  oesophagus,  united  by  a  nervous  ring,  and  giving  off  a  set  of  nerves  to 
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each,  itity  <rf  the  body  (Fig  2).  The  prcBenoe  of  special  organB  of  sense  is  very  doufotM. 
The  sense  of  touch  is  evidently  exercised  by  the  ambulacra,  which  are  also  employed  in 
smzing.prey.  Some  red  spots,  Vhioh  occnr  at  the  extremities  of  the  arms  of  Star-fishes, 
and  on  the  upper  ertriace  of  Sea-eggs,  have  been  called  eyes  by  some  observers,  but 
apparently  with  but  little  ground. 

In  tlieir  digestive  organs  the  Eehmodrnmata  exhibit  a  very  decided  superiority  over 
the  ©ther  Jtadiata,  They  all  possess  a  dirtinct  intestinal  canal,  generally  with  two 
openings,  one  for  the  reception  of  food,  the  other  for  the  discharge  of  fsscal  matter. 
The  relative  position  of  these  apertures  varies  greatly  in  the  different  groups.  In  the 
worm-like  forms  {Solotfiuria),  and  some  Sea-urchins,  they  are  placed  at  opposite  extce- 
mities  of  the  axis  of  the  body ;  in  the  other  groups  both  open  on  the  lower  surftne^ 
The  arrangement  of  the  intestine  is  also  subject  to  great  variation.  In  tiie  Holothurw 
it  is  bent  twice  upon  itself  into  a  form  somewhat  resembling  the  letter  S  ;  in  the  Star- 

/  •  h 


^-^  e 


Plg..66.^A2ialoiByof  B&iiras.    a,.m«ath,  sotzmmded  by  the  teetii  and  jawa^  d  e;  b,  CDMpbagnai: 
a,  stomach,  or  first  portion  of  the.  intestine;  d,  intestinal-  tube;  e,  ovarj;  /,  /,  ambulacra!- 


;  g,  g,  sheU. 

fishes  the  mouUi  opens  dicoetiby  into  a  laxge  stomach,  surrounded  with  smaller  sacs, 
which,  are  often,  branched,  and  in  soms  cases  extend,  far  into  the  asms;  whilst  in  the 
Sea-eggs  the  intestine  is  very  long,  and  wound  round  in  the  body  (Fi^,.  65).  Some  of 
the4att«r  animals  are  fuznished  with  an  exceedingly  complicated  masticating  oppaxotus, 
which,  has  often,  been  described  under  the  name  of  the  "  lantern  of  AxistotLe."  It 
consists  of  Sr  curious  fiamework  of  Y-shaped  eakaareous  pieces,  bearing,  at  their  aBterixnr 
extremity,  five  hard  triangular  teel^  The  animals  possessing  this  apparatus  feed 
principally  upon  vegetable  matter,  whilst  those  which  are  destitute  of  masticating 
organs  derive  most  of  their  nourishment  from  minute  CnutaeHi  and  the  other  marine 
animalfl  of  which  the  shells  are  often  found  in  great  numbers  in  their  intestines. 

AU  the  JBckinodermata-tae  liimished  with  very  distinct  organs  of  circulatiim,  cea- 


Digitized  by  VjOOQIC 


264  THE  ECHINODERBIATA. 


sistmg  of  a  heart  or  coiresponding  organ,  and  a  complicated  system  of  vessels.  Bespira- 
tion  is  effected,  in  some  cases,  by  means  of  branchiae ;  in  others,  by  the  introduction  of 
water  into  the  general  cavity  of  the  body..  They  are  also  furnished  with  peculiar 
canals,  serving  for  the  conveyance  of  water  to  different  parts  of  the  body, — especially  to 
the  vesicles  at  the  base  of  the  ambulacra. 

The  sexes,  contrary  to  the  rule  which  we  have  seen  to  prevail  in  the  lower  Radiata, 
are  always  separate.  The  ova,  when  impregnated,  become  converted  into  ciliated 
embryos,  which,  breaking  through  the  egg-shell,  swim  freely  about  in  the  water.  The 
changes  which  these  undergo  in  their  progress  towards  maturity  are  exceedingly 
remarkable ;  and  although  our  space  forbids  us  from  describing  these  with  any  minute- 
ness, a  short  account  of  them  is  necessary  to  complete  the  natural  history  of  the  Eehtno- 
dermata.  The  metamorphosis  in  question  has  been  most  fully  observed  in  Star-£lshes 
and  Sea-urchins ;  and  it  is  to  these  that  we  must  direct  our  attention.  The  ciliated 
embryo,  after  its  exclusion  from  the  egg-shell,  is  of  a  globular  form ;  this  is  converted 
into  an  irregular  hexahedron,  which  gradually  increases  in  height  until  it  forma  a  four- 
sided  pyramid.  In  the  centre  of  the  base  of  this  pyramid  is  seen  an  opening, — ^the 
mouth, — ^which  leads  into  a  stomachal  sac.  It  also  contains  four  or  more  slender 
calcareous  supports,  running  from  one  extremity  to  the  other,  and  projecting  at  the 
base  in  the  four-pointed  spines.  The  little  animal  still  moves  by  the  action  of  cilia, 
which  are  particularly  numerous  along  the  course  of  the  calcareous  supports. 

At  a  later  period  of  its  development  the  larva  acquires  a  still  more  pyramidal 
form ;  and  the  processes  of  the  calcareous  supports  are  surrounded  by  lobes  bearing 
the  cilia.  In  this  state  it  was  long  regarded  as  a  distinct  animal,  and  described 
under  the  name  of  Fluteus.  But  the  most  remarkable  part  of  this  metamorphosis 
consists  in  the  fact  that  this  larva  does  not  become  actually  converted  into  the  perfect 
Echinodcrm,  but  that  the  latter  sprouts,  as  it  were,  from  this  embryonic  form,  of  which 
scarcely  a  trace  remains  in  the  mature  animal.  This  is  effected  in  the  Ophturae  by  the 
following  process  : — Small  sacs  first  make  their  appearance  in  the  interior  of  the  larva, 
surrounding  the  mouth ;  these  gradually  grow  out  of  its  substance,  unite,  and  thus 
represent  the  disc  of  the  Star-fish.  After  a  short  time  the  new  animal  forms  a  mouth  for 
itself;  having  hitherto  derived  its  nourishment  through  the  mouth  of  the  larva.  The 
arms  now  begin  to  sprout ;  and  soon  afterwards  the  first  commencement  of  the  calcare- 
ous skeleton  makes  its  appearance,  in  the  form  of  little  reticular  grains,  in  the  substance 
of  the  young  animal.  The  further  development  goes  on  in  the  same  manner,  until  at 
last  the  larva  is  cast  off  altogether,  and  the  young  Ophiura  presents  the  form  of  its  parent. 
It  stiU,  however,  possesses  cilia,  by  means  of  which  it  swims  about  for  a  time ;  but 
these  afterwards  disappear.  The  only  part  of  the  larva  that  remains  in  the  perfect 
animal  is  the  intestine,  which,  of  course,  is  greatly  modified.  The  point  at  which  the 
connection  was  broken  off  between  the  larva  and  its  developed  bud  is  always  marked  by 
a  plate  of  a  peculiar  character. 

The  JEehinodermata  are  found  in  all  seas,  creeping  slowly  along  the  bottom  by  means 
of  their  curious  little  feet.  In  earlier  periods  of  the  world's  history  they  appear  to  have 
been  still  more  numerous  and  diversified  in  form  than  in  the  present  day ;  one  entire 
order,  which  played  a  most  important  part  in  the  earlier  stages  of  the  formation  of  our 
planet,  being  now  all  but  extinct. 

IMTisions. — ^The  Eehinodermata  are  divided  into  four  orders.     In  two  of  these  the 

body  is  more  or  less  flattened  or  discoid  in  its  form,  and  usually  furnished  with  five  or 

-^  arms.   These  in  the  first  order,  the  Crinoidea,  are  slender,  and  formed  of  complete 
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calcareous  rings  or  cylinders,— whilst  in  the  second,  the  StelUridoj  the  calcareous 
coyering  of  the  arms  is  composed  of  separate  plates.  In  the  third  order,  the  JSchmidOy 
the  calcareous  plates  have  hecoine  united  into  a  regular  shell ;  and  the  fourth  includes 
the  worm-like  forms,  the  Holothurida. 

Order  I. — CRmoiDEA.. 

G-eneial  Chazactem.— The  Crinoidea^  or  Sea-lilies — so  called  from  the  resem- 
blance which  many  of  them  present  to  flowers  (Fig.  66)— were  exceedingly  abundant 
in  former  ages  of  the  world ;  and  their  remains  often  form  the 
great  bulk  of  large  masses  of  rock.  During  the  whole  or  a  part 
of  their  existence,  these  am  mala  are  attached  to  submarine 
bodies  by  a  longer  or  shorter  stalk,  composed  of  calcareous  rings 
similar  to  those  of  which  the  arms  are  composed.  The  body 
is  of  a  cup  shape,  its  lower  convex  surface — ^to  the  centre  of 
which  the  stalk  is  attached — being  composed  of  calcareous 
plates,  whilst  the  upper  disc  is  dosed  by  coriaceous  skin.  In 
the  centre  of  this  is  the  opening  of  the  mouth,  and  to  one  side 
the  anus.  The  arms  spring  from  the  edges  of  the  cup.  They 
are  cither  flye  or  ten  in  number  at  their  origins,  although  often 
branched  higher  up,  formed  of  cylindrical  or  bead-like  calcare- 
ous joints,  furnished  with  slender  jointed  appendages,  or  cirri, 
one  on  each  side  of  every  joint ;  and,  as  the  whole  of  these 
organs  are  exceedingly  flexible,  they  are  of  the  greatest  importance 
to  the  animal  in  the  capture  of  its  prey. 

Divisions. — An  exception  to  this  general  structure  is  pre- 
sented by  the  Cystoerinida—Sk  fossil  family  which  only  occurs  ^*    ***""     ^^^^* 
in  some  of  the  oldest  formations.     In  these  the  body  is  round  or  oval,  and   entirely 
composed  of  numerous  calcareous  plates.      They  were  attached  by  a  short  flexible 
stalk,  the  mouth  was  situated  at  the  centre  of  the  upper  part,  which  projects  a  little 
from  the  general  surface,  with  the  anal  opening  a  little  to  one  side  of  it. 

The  family  £ncrinida,  or  the  Sea-lilies,  includes  an  immense  number  of  fossil  forms 
(Fig.  66) ;  and  one  or  two  are  still  to  be  found  in  the  West  Indian  seas.  These  animals 
were  all  supported  upon  a  long  stalk,  at  the  extremity  of  which  they  floated  in  the  waters 
of  those  ancient  seas,  spreading  their  long  arms  in  every  direction  in  search  of  the  small 
animals  which  constituted  their  food.  Each  of  these  arms,  again,  was  feathered  with  a 
double  series  of  similarly  jointed  appendages ;  so  that  the  number  of  separate  calcareous 
pieces  forming  the  skeleton  of  one  of  these  animals  was  most  enormous.  It  has  been 
calculated  that  one  species,  the  PentacrinusBriareuSy  must  have  been  composed  of  at  least 
one  hundred  and  flfty  thousand  joints;  and  *^  as  each  joint,"  according  to  Dr.  Carpen- 
ter, *'  was  furnished  with  at  least  two  bundles  of  muscular  flbre— one  for  its  contrac- 
tion, the  other  for  its  extension— we  have  three  hundred  thousand  such  in  the  body  of 
a  sin^e  Fentacrinm — en  amount  of  muscular  apparatus  far  exceeding  any  that  has  been 
elsewhere  observed  in  the  Animal  Creation." 

A  furrow  runs  along  the  inside  of  the  arms,  covered  with  a  continuation  of  the  skin 
of  the  disc ;  and  from  this  the  ambulacra  are  protruded,  as  in  other  Eehinodermata. 

The  third  family,  the  Comatulida,  or  Hair-stars,  includes  a  considerable  number  of 
ftT^ittiftlg^  which  bear  a  great  resemblance,  both  in  form  and  structure,  to  the  Enermida, 
They  are,  however,  only  furnished  with  a  stalk  during  their  yoimg  state,  and  on  arriving 
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at  maturity  they  quit  their  attachment,  and  crawl  about  fteely  at  the  bottomof  the  water, 
in  the  same  manner  as  other  Star-fishes.  The  body  is  .flattened,  and  covered  with 
separate  calcareous  plates ;  the  lower,  or  ventral  surface,  bears  the  mouth  and  onus;  and 
the  ten  slender  arms  are  often  branched  to  such  an  extent  as  to  appear  very  numerous. 
They  are  furnished  throughout  their  length  with  slender  jointed  cirri,  similar  to  those 
of  the  IhtcrtnidcBy  by  the  assistance  of  which,  and  the  short  ambulacra,  the  Hair-stars 
are  enabled  to  grasp  any  object  firmly,  and  creep  about  on  submarine  plants  with 
great  ease. 

In  their  young  state,  the  ComatvUce  exactly  resemble  the  animals  of  the  preceding 


Fig.  67.— Comatala. 


Fig.  68*— Young  of  Comatala; 
(Described  u  Peatacrinus  fiuropsraa). 


fEuuily,  being  supported  upon  a  long  flexible  stalk,  formed  o£  oaloareous  cylindeza.  So 
close  is  this  resemblance,  that  when  finst  discoveoeed  the  young  of  ComaiukB  was 
described  as  a  Pentaorinus,  These  aniiaals  are  tolerably  numerous  in  the  flea»  of  the 
present  day,  where  they  constitute^  in  faot^  the  prineipalrepresentatlveB  of  their  order. 
In  the  earliest  ages  of  the  w(H^d,  thdr  place- waa  taken  by  the  fixed  MiermidtB ;  aaid  tiie 
&ee  OomaiiskB  do  not  make  their  appearaaoe  in  any  fozmation  eaiiUer  than  the  Jwaum 
strata. 

Qkdsb.  II^ — Stbllbbida. 
OeBMwl  ^OlMttaetMS*— The  second  order,  the  SteUerida,  is  composed  of  aniiaak 
with  a  flattened  -and  more  or  less  pentagonal  body,  usually  bearing  flv9  arais  of 
Tunable  length,  which,  however,  are  not  distinclJy  separated  fisom  the  body,  as  in 
the  Ctinoidsa,  and  into  which  processes  of  the  stomach  are  usually  continued.  The 
mouth  opens  in  the  eentre  of  the  lower  sur&ce  of  i^e  disc ;  and  %he  anus,  when  present^ 
is  always  situated  on  the  back.  In  the  neighbourhood  of  the  mouth  of  the  animals  of 
this  and  the  following  order,  some  cuxious  prehensile  organs  ore  always  to  be^oond, 
which,  from  the  peculiarity  of  their  structure  and  actions,  have  been  regarded  as  inde- 
pendent perasitio  organisms,  and  described  as  such  under  the  name  of  Pedieellarim.  They 
stand  upon  little  tnbereles,  and  consxftt  of  a  long  calcareous  stalk,  whidi  bears  at  its 
extyemi<^€i  singular  forceps  of  three  or  four  pieces.  These  are  continually  openixig  and 
dosing,  apparently  for  "the  capture  of  floating  partides  of  food ;  and,  singnlarly  CBOOgb) 
tiiey  continue  their  movements  even  after  the  death  of  the  animal.    The  skin  is  cons- 
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ceoos,  and  the  calcareous  matter  is  deposited  ia  it  in  separate  plates,  which  allow  con- 
sidanfale  flexibility  to  the  whole  body ;  along  the  lower  surface  of  each  arm  runs  a 
■very  distinct  furrow,  from  which  the  ambulacra  are  protruded. 

The  trne  Star-fishes  do  not  occur  in  the  earliest  fossilliferous  formations.  They  first 
make  their  appearance  in  the  Musehelkalk,  and  continue  increasing  in  numbers  in  the 
more  recent  strata.  In  our  present  seas  they  are  exceedingly  numerous,  both  in  species 
and  individuals ;  so  much  so,  in  fact,  that  some  species,  on  the  coast  of  Normandy,  are 
commonly  used  as  mazuire. 

UTisMaB«^The  Steikrida  are  usually  divided  into  three  families,  ^^le  first,  the 
Euryalidee,*  or  GwgwCs  Head,  present  a  considerable  resemblance  to  the  animals  of  the 
preceding  <»der ;  the  arms  being  distinctly  separated  firom  the  body,  and  the  iiitemal 
organs  entirely  confined  to  the  disc,  which  is  of  a  roundish  form.  The  anus  is  want- 
ing ;  the  arms  have  no  furrow  on  their  under  surface,  are  always  much  branched,  and 
usually  famished  with  cirri,  producing  the  confused  and  tangled  appearance  which  has 
caused  then  to  be  compared  to  the  €rorgon's  head,  with  its  snaky  lo(^s.  These  animals 
are  principally  found  in  the  tropical  seas,  although  some  species  exist  even  in  the  icy 
waters  of  the  ArctiQ  regions.    They  are  all  rare. 

In  the  second  family,  the  Ophinridmy  so  called  from  the  resemblance  oi  their  arms 
to  serpents'  tails  (Gr.  Ophis  a  snake,  our»  a  tail),  the  body  forms  a  roimdish  or  somewhat 
X>entagonaI  disc,  furnished  with  five  long  simple  arms,  which,  like  the  branched  organs 
of  the  preceding  family,  have  no  furrow  for  the  protrusion  of  the  ambulacra.  The 
OphiuridiB  are  exceedingly  plentiful  in  all  our  seas,  and  their  remains  occur  in  all  the 
more  recent  marise  strata  of  the  earth's  crust. 

We  come  now  to  the  family  (the  AstefHda)  of  which  the  common  Star- fish  (Fig.  1), 
so  abundant  on  our  coasts,  is  an  example.  In  this  faaaiy  the  anBa.appear  to  be  merely 
prolongations  of  the  d^ ;  they  are  usuaU^f  five  in  xmnher,  and  the  plates  from  which 
the  ambuiaora toe' exserted  are  placedia ito^f asrows, .^^lich nm akngthe  lower  sur- 
faee  of  ih«  aims.  In  some  species  1^'  aDBs  a»<  vary  shiirt ;  aad  in  o&unx  the  animal 
forms  a  flat  pentag(mal  dise,  witk^Te  .aadMiMisif«fflr«iin  .exestatod  iiK  itolowvE^ur- 
fEU)e.  In  the  centre  of  this  the  saouti^  (i8HsiteBted^.aMi  H^^xamiBtaAam  ofifeyB'Staoiach 
extend  to  a  greater  or  less  distaaoe  iBte<thA<.  arau.  Mbii  of  tha  i^^das  of  thSa  Jdanfly 
poflsesB  an- anal  aperture ;  but  (Ijiii  in  iwiiMia.  ja  iiiiiwii 


k— In  OiiovdaetthatdM&dfiaeBb  .of  eiaAiWKH^i  mmimi  ilactlhe 
skin  wttaiMfl  ita  maTiinm  ■  The  plate%  jiialftmtitrf 'beag:diatlMgty  lat^thfl'fibawfiShte,  are 
firmly  attached  to  eash  other,  forming  ;a:veoBirar  sk^jDnae  ovrlds^  coaspieM^  which 
prevents  aU  fl^exion  of  the  body  of  the  animait  TtM.  shaK :  piasoBto  two  openings,  a 
mouth  and  -an  anus ;  the  latter  is  generally  situated  at  the  top  of  the  shell,  opposite  to 
the  mxHith,  and  is  Bnnoimded  by  moveable  plates.  The  division  of  the  animal  into  five 
parts  is  as  dintiwri  here  as  in  the  Star-fishes,  notwithstanding  the  total  absence  of  arms ; 
the  holes  thzoogk  which  the  little  sucking  feet  are  protruded  being  arranged  upon  five 
rows  of  plates,  which  usuaHy  run  from  the  centre  of  .ths  top  of  the  shell  to  the  angles 
of  the  oral  opemng.;  or,  when  .they  axe  confined,  as  is  semetimesthe  case,  to  the- dorsal 
snrfieuie,  they  finm  a  distinot  flve*-rayed  star  susrrounding  the  apex  of  the  shell.  The 
mode  in,  wJiidh  the  capaeit^  of  the  shc^  is  inereased,  is  exceedingly  curious  and  interest- 
ing.    It  is  esitirriy  coireied.hy  a  ddn  of  greater  or  less  thickness ;  and,  it  appears,  that, 

*  From  Hbryidei  one  of  the  Gorgons. 
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in  spite  of  the  close  proximity  of  the  edges  of  the  plates,  there  is  yet  room  for  the  passage 
of  a  minute  layer  of  skin  through  all  their  interstices.  It  is  in  this  that  the  deposition 
of  calcareous  matter  takes  place,  so  that,  instead  of  adding  fresh  matter  to  the  shell  only 
at  the  oral  aperture,  as  in  the  Mollusca,  the  animal  increases  the  size  of  its  domicile  in 
proportion  to  its  growth,  by.continual  additions  to  the  edge  of  every  plate  of  which  it 
is  composed.  New  plates  are  also  often  added  in  the  neighbourhood  of  the  superior 
orifice.  Next  to  this  peculiarity  in  the  form  of  the  shell,  the  most  striking  character  of 
the  Echinida  consists  in  the  numerous  spines,  frequently  of  large  size,  with  which  the 
shell  is  coveij4-  These  are  articulated  to  the  numerous  tubercles  presented  by  the  sur- 
face of  the  shell ;  the  base  of  the  spines  being  hollowed  for  the  reception  of  the  convex 
surface  of  the  tubercle.  In  consequence  of  this  mode  of  attachment,  the  spines  possess 
a  considerable  power  of  movement ;  and,  for  thia  purpose,  they  are  furnished  with 
bands  of  a  muscular  nature, — and  in  some  species  they  are  even  attached  to  the 
tubercles  by  a  round  ligament  inserted  into  the  base  of  the  spine  and  the  apex  of  the 
tubercle,  and  resembling  in  many  respects  the  ligament  of  the  hip-joint  in  man.  These 
spines  appear  to  be  used  as  locomotive  organs;  tiiey  also  serve  to  bury  their  owner  in 
the  sand  when  circimistances  require  this  concealment ;  and  some  species  appear,  by  the 
same  means,  to  excavate  hollows  even  in  hard  rocks. 

Divisions. — The  Echinida  are  divided  into  four  very  distinct  families.  In  the 
first,  the  Sea-eggs  {Cidarida),  the  body  is  nearly  globular  (Fig.  69),  with  the  mouth 
in  the  middle  of  the  under  surface,  surrounded  by  a  naked  or  warty  skin.  The  anus  lies 
in  the  middle  of  the  dorsal  surface  opposite  the  mouth,  surrounded  by  a  rosette  of 

curious  plates,  which  form 
the  orifices  of  the  generative 
apparatus.  It  is  in  this 
family  that  the  masticatory 
apparatus  attains  its  highest 
development,  presenting  the 
complicated  form  represented 
in  Fig.  65.  The  ambulacral 
spaces  run  from  the  mouth  to 
the  anus;  and  the  intervening 
plates  are  covered  with  tu- 
Dercles  and  spines,  the  latter  of 
which  are  sometimes  several 
inches  in  length,  and  as  thick 
as  a  man's  finger.  These 
animals  inhabit  the  seas  of  all 
parts  of  the  world ;  and  some 
species  are  used  as  food,  even 
on  the  European  coasts  of 
the  Mediterranean. 
The  animals  of  the  second  family,  the  Clypeastriday  have  the  body  of  a  somewhat 
discoid  form ;  the  shell  is  very  thid:,  and  covered  with  small  tubercles,  from  which 
short,  thin,  hair-like  spines  take  their  rise.  The  mouth  is  situated  in  the  middle  of  the 
lower  surface,  and  is  armed  with  a  masticatory  apparatus  less  complicated  in  its  struc- 
tiure  than  that  of  the  preceding  family;  but  the  anus,  instead  of  being  placed  on  the 
back  of  the  shell,  opens  on  its  lower  surface  a  little  behind  the  mouth.     The  apex  of 


Fig.  69. — Shell  of  Echinus,  or  Sea-urchin ;  on  the  right  side, 
covered  with  spines ;  on  the  left  the  spines  removed. 
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the  shell  is  occupied  by  the  genital  plates ;  and  the  rows  of  ambulacra  form  a  five-rayed 
star  snrrounding  these  on  the  dorsal  surface  of  the  shell. 

The  Cassiduliefa,  forming  the  third  family,  are  of  a  roundish  or  oval  form,  generally 
convex,  and  covered  with  very  fine  spines. 

The  mouth  is  placed  in  lie  middle  of  the  lower  surface,  with  the  anus  behind  it, 
sometimes  on  the  margin.  But  these  animals  are  especially  distinguished  from  the  two 
preceding  families  by  the  total  absence  of  any  masticatory  apparatus  in  the  mouth. 
This  is  equally  deficient  in  the  fourth  family,  the  SpatangidcBjSlviggish.  animals,  which 
are  usually  found  imbedded  in  sand,  and  with  their  intestines  full  of  the  same  savoury 
and  nourishing  substance :  taken  in,  no  doubt,  for  the  sake  of  the  minute  particles 
of  organic  matter  which  it  might  have  contained.  They  are  usually  of  a  heart-like 
form,  with  the  mouth  at  the  anterior  margin  of  the  lower  surface,  and  the  anal  orifice 
on  its  posterior  margin.  The  ambulacra  are  generally  confined  to  the  dorsal  surface, 
where  they  form  four  or  five  rays,  and  the  surface  of  the  shell  is  covered  with  fine  hair- 
like spines,  amongst  which  a  few  of  larger  size  may  be  distinguished. 

Order  IV. — ^Holothurida. 
Genezal  Characters. — In  the  fourth  and  last  order  the  body  acquires  a  worm- 
like  form,  thus  apparently  leading  us  towards  the  lower  groups  of  the  next  division. 
The  radiate  structure  is  in  fact  scarcely  recognisable  in  these  animals,  except  in  the 
arrangement  of  the  tentacula  which  surround  the  mouth.  The  body  is  always  more 
or  less  elongated,  with  the  mouth  at  one  end  and  the  anal  opening  at  the  other ;  the 
calcareous  deposit  in  the  skin  is  reduced  to  scattered  granules ;  and  in  one  family  the  | 
ambulacra  are  entirely  wanting. 

JH-risions.— This  order  is  divided  into  two  families.  The  first,  the  Synaptida:, 
are  characterized  by  the  total  absence  of  ambulacra,  the  motions  of  the  animals  being 
assisted  by  peculiar 
anchor-like  processes 
of  the  calcareous 
grains,  which  project 
from  the  skin,  and 
roughen  the  surface 
of  the  animal. 

In  the  SoIothund<s 
(Fig.  70),  on  the  con- 
trary, the  ambulacra, 
although  short,  ex- 
actly resemble  those  of 
the  other  JSchinoder- 
mata  ia]  their  struc- 
ture and  action.  The 
mouth  is  surrounded 
by  a  ring  of  calcareous  plates,  serving  for  the  attachment  of  the  longitudinal  muscles, 
by  whidi  the  contractions  of  the  body  are  effected.  These  animals  inhabit  the 
seas  of  most  parts  of  the  world.  Some  of  them  are  eaten  even  by  European  popu- 
lations; and  the  Trepang  {Holothuria  edtdis)  is  an  article  of  luxury  amongst  the 
Chinese. 

This  animal,  which  is  very  abundant  on  the  north  coast  of  New  Holland,  is  collected 
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there  by  the  Malays  in  large  q-uantities,  dried,  and  paebod  up  in  bag»  for  the  CbaBese 
market.  The  Malays  and  Chinese  meet  at  the  Island  of  Macassar,  where  the  piineipal 
trade  in  this  delicacy  is  carried  on ;  and  the  quantity  annaally  brought  to  that  plaee  by 
the  fishermen  is  said  to  amount  to  upwards  of  four  hundred  tons.  The  ptioe  ysmes 
acoording  to  quality,  from  eight  dollars  -to  one  hundred  and;  fifteen. 'dollfflrs  per.peeul 
(X33lbs.) 

The  Echinodermaia  conclude  the  series  of  animals  geneially  termed  Sadkia  by 
zoologists ;  hut  it  is  probable  that  further  researolLes  will  show  the  necessity  for  ^great 
modifications  in  this  part  of  zoological  classification.  There  a^ears  to  be  little  to 
connect  the  hard-skinned  Echinoderms  with  the  delicate  gelatinous,  animals  cooipesiiig 
the  other  four  classes ;  and  Mr.  Huxley  haa  already  pxDposed  to  iatBSk  these  into  a  sepa- 
rate group,  denominated,  from  the  constaat  presence  of  thread  eells^  NmrnhpTm^^ 
ThQEebinodermatawo^J^^i.  then  be  regarded  as  aberrant  forms  of  the  artieiilftte  divisioii ; 
a  view  to  which  the. study  of  their  metamoiphosia  lends  oonsiderable  aa{ipart. 


Division  III.— Abtictjlata. 

Great  as  is  the  diversity  of  form  and  struoture  presented  by  the  MadU^  the 
animals  forming  the  present  division  perhaps  exeeed  them  in  this  xeepe&t:  So  great  is 
this  diversity,  in  fiEict,  that  it  is  almost  impossible  to  give  any  cobublod.  characters  which 
shall  positively  include  the  whole  ;  and  some,  of  the  nuMt  eminent  modem,  zoologists 
have  proposed  the  establishment  of  a  separate  division  to  include  the  lower  fonna.  By 
this  means,  however,  the  difficulty  is  lessened  rather  than  got  lid  of  altogether ;  for, 
although  a  tolerably  coherent  group  is  thus  obtained  for  the  higher  foixns^  the  lower 
ones  still  vary  to  such  an  extent,  that  a  very  loose  character  is  aeceoBHi^to  enable  them 
to  be  united  in  a  single  group.  We  shall,  however,  adopt  these-  s^iMmsimtf  as-  they 
may  tend  to  render  this  part  of  our  subject  more  intelligible.  Tlie  gonesal  dbazmeters 
of  the  division  have  already  been  given  at  sufficient  length  (p.  198). 

SuBUmnON   I.— VSKMES. 

ChMwalOCaMgaMt— Ik— *The  >iBiTinrii»  oil  the  first  sub^division,  liie  Vermes  or  Sel- 
mifUiayXne  nmaily  ef  avyery  elcmgaited  fiDrm ;  and  in  the  higher  groups  tibe  divisioii 
of  the  bcldy  issto  a  number  of  segments  is  very  distinct;  whilst  in  some  of  the 
lower  fbraas  lihis  general  characteristic  of  thearti&tilate  series  is  quite  unrecognizable. 
The  segneats,  whrat  present,,  .ore  genesailyiDere  repetitions  one  of  aiu}tker;  and  the 
appendages  with  whidh  tibey  ace  freqiaeoaliy  fizniished:  follow  the  same  role. 

Thenerwnia  s^TBtemf  whidi,  in  thepasotlaegroups  (Entozoa)^  is,  as  might  be  expected, 
in  a  very  TodmnaBtayy  ocirititi<m,"gradualIy  increases  in  complexity ;  until  in  the  Anne^ 
lida  or  tCBe^vmEiBfl^  it  consists,  as  in  the  most  highly  endowed  ArtimUttay  of  a  yentrai 
series  of  ganglia,  united  by  nervous  cords,  and  communicating  with  a  nervous  mass  of 
considerable  size  (brain)  situated  in  the  head.  In  proportion  to  this  gmdual  elevation 
of  the  nervous  system  is  the  development  of  the  diflPerent  organs  of  the  body.  This  is 
especially  remarkable  in  the  case  of  the  lateral  appendages,  whieh  are  entirely  wanting  in 
the  lower  groups ;  but  in  the  Annelida  they  make  their  appearance  often  in  a  very  com- 
plicated form,  such  as  branchial  end  natatory  plates,  and  jointed  bristies  serving  as  feet. 
In  none,  however,  do  they  present  the  peculiar  structure  of  the  limbs  possessed  by  the 
other  Artieulata,  the  construction  of  which  will  bo  described  in  the' proper  place. 
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IMtMaas. — ^The  Vermes  may  be  divided  into  four  claflaes,  whicli  are  generally 
distifliguishahle  by  their  external  appoaranoe.  Of  theee,  the  first  t^o  are  ibr  the  miMtt 
part  parasitic,  living  in  the  interior  of  other  animals,  fev  of  which,  in  fact,  are  exeo^ 
from  the  visits  of  these  unwelcome  guests.  Of  these,  the  first,  the  Flat-worms  (Platy- 
(hm)  have  the  body  flattened,  and  generally  more  or  less  ovate  and  leaf-like ;  these 
poBsent  the  goBatesi  divergence  from  tiie  aorticulate  type.  In  the  second,  l^e  Nematthnia^ 
<x  Saund*faonnsy  the  bo^'  is  uBoaUy  elongated  sad  cylindrical,  and  the  division  into 
iMgfnftntii  is  offcan  iaiUcated  by  tpnTn^f^t*^"*"'  of  tbe  skin.  The  other  two  classes  are 
oompoafld  pxincipaily  of  aquatic  animals.  A  few  are  tezcestxial  in  their  habits,  but  none 
aropanBotlc.  One  of  these,  the  J^ti^a,  or  JTheel  AnvnudmUs,  includes  a  number  of 
nmLute  creatures  fmsuBhed  with  a  pair  of  ciliated  organs  at  their  anterior  extremity ; 
whilst  the  Annelida^  or  true  worms,  have  the  body  distinctly  divided  into  segments, 
generftHy  famished  with  lateral  appendages,  and  with  a  well  developed  nervous  system. 
The  blood,  in  this  last  class,  is  also  generally  of  a  red  colour. 

Clabs  I. — Plattelmia. 

OenMral  Characters. — The  study  of  the  IkUozoa,  or  internal  parasites,  &om  the 
nature  of  their  habitations,  is  perhaps  not  one  of  the  most  attractive  branches  of  Zoology ; 
yet  few  animals  can  present  a  better  claim  to  our  notice,  from  the  circumstance 
that  many  of  them  find  their  natural  residence  in  our  own  bodies,  and  in  those  of  our 
domestic  animals,  where  they  often  do  us  a  great  amount  of  injury.  They  have  a  still 
stronger  claim  to  the  attention  of  the  scientific  zoologist,  from  the  number  of  points 
connected  with  their  natural  history,  which  still  remain  to  be  cleared  up,  and  from  the 
wonderful  nature  of  those  portions  of  the  history  of  their  development,  which  have 
been  revealed  by  the  recent  researches  of  some  of  ofur  most  eminent  naturalkts. 

By  iiar  the.  greater  number  oi  the  Tlaiyelmia  pass  the  whole  or  the  greater  portion 
of  their  existenoe  inoloaed.  within  the  bodies  of  other  aaimals,  of  which  few  are  wi&out 
spedes  of  these  pacasites  peculiar'  to  themsdves.  Some  species,  however,  Hve  xoc  the 
water,  wh^e  they  awim  about  freely  by  means  of  cilia.  They  all^  however,  have  the 
body  much  ^flattenedy  and  usually  of  a  moore  or  lees  ovate  form,  witihoat  any  traces  of 
safpaaentation ;  the  only  ezcepdion  to  this  rule  being  presented  by  the  Td^fe^tDomUy  in 
whichv  as  is  well.known,  the  body  is  of  great  length,  and  composed  of  a  multitude  of 
BfBiiUur  joizits.  We  shall  see,  however,  on  studying  the  devfilopment  of  these  animals, 
that  the  exception  is  more  apparent'  than  real ;  for  it  appears  that  ike  'Tape-*worm  may 
ba  regarded  as  a  compound  animal,  each  joint  being  capable  of  a  certain,  amount  of 
ind^endent  existence. 

The  nervous  system  consists  of  a  pair  of  ganglia  situated  in  the  anterior  extremity 
of  the  body,  and  giying  off  two  dbnder  filaments,  which  run  down  each  side  of  the 
body.  1^0  special  organs  of  sense  have  been  found  in  the  parasitic  species ;  but  those 
which  live  free  in  the  water  have  several  dark  spots,  each  containing  a  distinct  lens, 
planed  elose  to  the  central  gangHa,  and  these  are  considered  to  be  true  eyes.  With  the 
eauoeptkm  of  the  cilia  of  the  aquatic  forms,  no  organs  of  motion  are  to  be  met  with  in 
the  Platyebaia.  The  parasitic  species  are  generally  fiimished^with  hooks  or  suckers  for 
maiirtaining  themselves  in  their  position;  but  their  movements  are  almost  entirely  con- 
fined to  a  muscular  contraction  and  dilatation  of  the  body. 

JK^iaJLoBS. — ^The  FlaUworms  are  divided  into  three  orders,  of  which  two  are  com- 
posed of  parasitic,  and  one  of  free-swimming  animals.  They  may  be  regarded  as 
forming  two  groups  or  sub-classes,  of  which  the  second  is  distinguished  by  the  pos- 
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seflsion  of  cilia ;  the  others  being  destitute  of  these  organs.  The  two  parasitic  orders 
are  the  Cestoidea,  or  Tape-worma,  with  long,  usually  jointed  bodies ;  and  the  Trematoda, 
with  short,  elliptical,  or  discoid  forms. 

Order  I. — CBSTorDEA.. 
Oenexal  Cluuractezs.— The  general  appearance  of  the  animals  belonging  to  the 
order  Cestoidea  is  well  shown  in  the  annexed  figure,  which  represents  the  common  Tape- 
worm of  the  human  intestines.  The  body  is  composed  of  numerous  joints  or  segments, 
each  exactly  resembling  each  other;  these  are  often  several  hundreds  in  number,  and 
the  animal  sometimes  attains  a  length  of  upwards  of  ten  feet.  The  skin  is  exceedingly 
soft  and  tender,  and  the  muscular  system  possesses  yery  little  energy ;  so  that  the 


Fig.  71.— TeDnia  Solium.    The  common  Tape-worm. 

movements  of  the  animal  are  confined  within  very  narrow  limits.  Its  anterior  extre- 
mity is  formed  by  a  small  head,  furnished  with  hooks  and  suckers,  by  means  of  which 
the  animal  anchors  itself  to  the  intestines  of  its  victim ;  it  also  contains  the  rudiments 
of  the  nervous  centre,  the  filaments  given  off  by  which  only  run  through  a  few  of  the 
first  segments.  The  animal  appears  to  possess  no  moiith  or  digestive  organs ;  so  that 
it  must  derive  its  nourishment  entirely  by  absorption  through  the  skin.  On  each  side 
of  the  body  runs  a  long  vessel,  passing  through  all  the  segments ;  these  are  united 
at  each  articulation  of  the  body  by  a  transverse  vessel.  Each  segment  contains  both 
male  and  female  sexual  organs ;  and  when  these  have  arrived  at  maturity,  the  segment 
is  cast  off  to  seek  a  new  place  in  which  its  ova  may  be  developed.  For  this  purpose 
the  joints,  when  cast  off,  are  endowed  with  a  considerable  power  of  motion,  and 
will  live  for  several  days  when  placed-  in  favourable  circumstances.  In  some  cases 
they  have  been  observed  to  develop  peculiar  organs,  which  they  do  not  possess  in 
their  compound  condition.  The  orifices  of  the  sexual  organs  are  placed  at  one  side 
of  each  segment,  and  these  apertures  are  placed  alternately  on  both  sides  of  the  body 
of  the  anubaal. 

The  development  of  these  animals  presents  some  of  the  most  remarkable  phenomena 
that  have  yet  been  discovered  in  the  natural  history  of  animals.  Some  curious  para- 
sitic worms  are  found,  not  in  the  intestines,  but  in  the  solid  tissues  of  many 
herbivorous  animals,  which,  from  the  structure  of  the  head,  have  always  been  ranged 
in  the  neighbourhood  of  the  Tape-worms,  although  their  bodies,  instead  of  being  drawn 
out  to  an  enormous  length  and  divided  into  numerous  segments,  are  composed  almost 
entirely  of  a  simple  bag  of  fluid. 

Some  of  these  parasites  are  simple,— that  is  to  say,  the  sac  bears  only  a  single  head ; 
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in  other  oases  they  deyelop  a  multitude  of  these  organs,  sometimes  from  the  internal, 
sometimeil  from  the  external  surface  of  their  walls.  These  wonns  were  long  regarded 
as  forming  a  distinct  order  of  parasitic  animals ;  but  recent  experiments  haye  shown, 
that  when  they  are  administered  to  particular  camiyorous  animals  with  their  food,  Hie 
yesicle  of  fluid  is  cast  ofiE^  the  head  attaches  itself,  ^ 

and  gradually  develops  the  long  jointed  body  of  a 
true  Tania,  The  observations  were  first  made 
upon  the  Cystic  worms  which  inhabit  the  liver  of 
the  mouse  and  rat ;  these,  when  given  to  cats, 
were  found  to  produce  in  their  intestines  Teenias 
of  the  species  usually  infesting  those  animals. 
Experiments  have  since  been  instituted  upon  Cystic 
worms  from  different  species  of  herbivorous  ani- 
mals, and  these  all  produce  Tape-worms  of  different 
kinds  when  introduced  into  the  bodies  of  carni- 
vorous animals.  The  administration  of  mature  Fig.  72.— CynticercuB  Cellulosw. 
segments  of  Tape-worms  to  the  herbivorous  species,  * 
has  also  been  found  invariably  to  produce  a  development  in  the  tissues  of  their  organs 
of  the  corresponding  Cystic  worms;  so  that  we  may  consider  it  a  well-established  fact, 
that  the  ova  of  the  Cestoid  worms  are  not,  as  a  general  rule,  developed  in  the  same 
species  of  animal  which  is  infested  by  the  mature  Taenia. 

But,  it  may  be  asked,  how  does  the  embryo  Tania  find  its  way  from  the  stomach 
of  its  host,  through  the  various  tissues  of  its  body,  imtil  it  reaches  the  particular  organ 
in  which  its  development  is  to  be  carried  on  ?  This  subject  is  still  enveloped  in  a 
certain  amount  of  obscurity ;  but  some  recent  researches  of  Professor  Van  Beneden 
appear  to  throw  a  little  light  upon  it.  That  zoologist  observed  that  the  embryos  of  a 
Tcsnia  found  in  the  intestines  of  the  common  frog,  were  furnished  with  six  spinous 
organs,  of  which  two  were  straight,  and  the  other  four  slightly  hooked  at  the 
extremity.  By  an  action  of  the  four-hooked  spines,  very  similar  to  that  of  the  arms  of 
a  man  when  swimming,  the  little  creatures  were  enabled  to  push  themselves  through 
the  broken  tissues  of  their  parent ;  the  two  straight  spines  assisting  to  pierce  a  passage, 
and,  no  doubt,  maintaining  them  in  their  position  whilst  the  hooks  were  brought  up  for 
a  fresh  stroke.  In  this  manner,  as  Professor  Van  Beneden  observes,  they  would  have 
no  difficulty  in  penetrating  any  tissues,  or  in  reaching  any  part  of  the  body  of  the 
animals  appointed  for  their  further  development. 

Professor  Van  Beneden  appears  to  consider  that  the  history  of  the  Cestoid  worms 
affords  another  instance  of  an  "  alternation  of  generations  "  analogous  to  that  of  the 
Medmay  referred  to  at  page  252.  In  this  view  the  Cystic  worm  {Scolex  V.  B.)  corres- 
ponds with  the  simple  Hydraform  polype ;  the  compound  animal  known  as  the  Tape- 
worm {Strobile  V.B.),  with  the  elongated  polype  in  process  of  division  ;  and  the  mature, 
separate  segment  {proglottis),  with  the  perfect  sexual  Medusa, 

An  exception  to  this  general  rule  appears,  however,  to  be  presented  by  the  tape- 
worm of  the  human  subject;  at  least,  it  is  not  easy  to  understand  how  the  Cystic 
worms  could  withstand  the  heat  usually  employed  in  cooking  our  animal  food.  Becent 
experiments  have  shown  that  the  administration  of  adult  proglottides  of  Tcmia  soHum 
to  pigs,  produces  a  great  development  of  the  Cysticereus  cellulosce  (Fig.  72) ;  but  in 
what  manner  this  parasite  can  be  introduced  into  the  human  organism  is  still  unknown. 
The  Cysticereus  esllulosa  ia  also  found  in  the  tissues  of  the  human  body. 
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'  Two  species  of  Cestoid  worms  inhabit  the  human  intestines—the  Tanta  solium  and 
the  JSothriocephalus  latus.  The  former  is  the  ordinary  Tape-worm^  the  second  occurs  only 
,  in  particular  countries, — in  Holland,  Poland,  and  Switzerland.  In  the  Cystio  form 
•  some  of  these  worms  do  great  injury  to  domestic  animals ;  one  of  the  most  noxious  ia 
the  so-called  Ccsnwus  cerebralis,  inhabiting  the  brains  of  sheep.  Many  other  inter- 
estnc  {)|^-ft]?tt  copDbected  with  the  history  of  these  animals ;  but  our  space  forbids  us 
irwi.  ealedog  into  f«rtor  details. 

Order  II. — Trematoda. 

'  HuHAfBflUi  OhajflM?tW»» — These  animals,  which  are  all  parasitic,  present  some  re- 
'  septnUnap  to  the  individual  segpients  of  which  the  Cestoid  worms  are  composed.  They 
2lt^  i^iiiUy  ai  an  elliptical  or  oval  form,  and  very  flat ;  the  skin  is  soft,  but  usually 
cQBlaliis  a  n!»mber  of  calcaF90UB  granules.  The  whole  body  is  yery  contractile.  At  one 
oif:botb  of  it9-  ext7@s»ities  it  is  furnished  with  suckers  to  enable  it  to  adhere  firmly  to 
its  host,  and  at  its  anterior  extremity  with  a  mouth.  At  a  little  distance  from  the 
mouth  the  narrow  intestinal  canal  usually  divides  into  two,  which  mostly  terminate 
in  blind  extremities ;  in  some  cases,  however,  the  two  intestines  meet  towards  the 
hinder  part,  so  as  to  form  a  complete  circle.  AU  these  animals  are  hermaphrodites, 
and  the  history  of  their  development  presents  many  points  of  almost  equal  interest 
with  those  exhibited  by  the  Cestoid  wotms. 

DiTisions. — They  form  three  families.  In  the  first,  the  Distomidaj  the  animals 
possess  two  suckers,  of  which  the  anterior  contains  the  mouth.  Of  these  the  Fluke 
{Diatoma  fiepaticum),  which  infests  the  livers  of  sheep,  is  a  well-known  example. 
Other  species  live  in  the  intestines,  the  brain,  and  even  the  eyes,  of  other  animals. 

The  animals  of  the  second  family,  the  TristomicUe,  are  furnished  with  three  suckers ; 
two  small  ones  at  the  anterior  extremity,  between  which  the  mouth  is  situated,  and  a 
laiger  one  at  the  hinder  extremity.  These  worms  principally  infest  the  gills  of  fishes,  ios 
do  also  those  of  the  third  family,  the  JPolyalomida},  characterized  by  the  presence  of  several 
suekers  at  the  hinder  extremity  of  the  body,  whilst  the  anterior  extremity  is  either 
entirely  destitute  of  those  organs,  or  only  possesses  a  small  one,  in  which  the  mouth  is 
situated.  This  family  includes  the  singular  Diplozoon  paradozum — an  animal  which 
appears  to  be  compounded,  like  the  Siamese  twins,  of  two  perfect  individuals,  each 
contiuning  precisely  the  same  organs. 

;  •  Order  III. — Planarida. 

This  order  includes  most  of  the  free  Platyelmia.  These  animals  are  of  an  oval  or 
elliptical  form,  and  very  commonly  furnished  with  an  extensible  proboscis,  springing 
from  the  ventral  surface,  and  leading  into  a  large  digestive  cavity,  which  gives  off 
numerous  ramifications  into  the  substance  of  the  body,  but  possesses  no  anal  opening. 
These  animals  are  of  a  gelatinous  consistency,  and  enjoy  such  a  power  of  self-contrac- 
tion that  they  can  reduce  their  whole  substance  to  the  form  of  a  lump  of  jelly,  in  which 
condition  they  occasionally  force  themselves  rather  disagreeably  upon  the  notice  of 
incautious  water-cress  eaters.  They  inhabit  both  salt  and  fresh  water,  where  they 
swim  about  rapidly  by  an  undulating  movement  of  the  body,  in  the  manner  of  a  Jeeeh, 
and  creep  with  great  ease  upon  stones  and  aquatic  plants.  They  are  generally  t)f  small 
size,  but  exceedingly  voracious.  Like  the  polypes,  which  they  resemble  in  their 
gelatinous  nature,  they  appear  to  be  capable  of  almost  endless  increase,  by  the  way 
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which  might  be  expected  to  lead  to  their  destruction.  Sir  JohnDalyell,  in  his  observa- 
tions on  these  animals,  speaking  of  the  black  Planaria  {Flanaria  nigra),  says  that  ^^  it  is 
privileged  to  miiltiply  its  species  in-  proportion  to  the  violence  offered  to  its  otherwise 
delicate  firame.  .  It  may  almost  bo  called  immortal  under  the  edge  of  the  knife. 
Innumefable  sections  of  the  body  aU  become  complete  ajid  perfect  animals.  If  the  head 
be  cut  o!fl^  a  new  head  replaces  it ;  if  the  tail  be  severed,  a  new  tail  is  acquired."  Still 
more  remarkable  was  an  instance  of  spontaneous  separation  of  the  head  of  one  of  these 
animalfi,  which  took  place  under  the  eyes  of  the  same  observer. 

In  South  America,  Dr.  Darwin  observed  some  terrestrial  animals  which  approached 
the  Flanaria  very  closely  in  their  characters ;  they  lived  amongst  rotten  wood,  upon 
which  they  appeared  to  feed,  and  were  marked  on  the  back  with  stripes  of  bright 
colours. 

The  family  of  Nemertida,  or  Rihbon-iwrms,  must  be  referred  to  in  this  place,  as  it 
probably  forms  the  type  of  a  fourth  order  of  Platydmia.  It  is  composed  of  animals  with 
elongated  ribbon-like  bodies,  poiseflBing  a  protrosible  proboscis,  a  distinct  nervous 
system,  and  a  digestive  canal  with  ^  distinct  aniMi.  As  far  as  we  know  at  present,  the 
sexes  are  on  distinct  individuals.  Amcmgst  thei^  pne  species,  th^  £orlasia,  inhabiting  the 
coasts  of  Fr^ce  and  England,  attfups  a  length  of  upwards  of  fifty  feet.  This  tremen- 
dous worm  remains,  coiled  up  dttrisg  the  day  under  stones,  going  about  at  night  in 
search  of  prey. 

The  Turbellaridat  also>-<a  family  of  minute  worms  inhabiting  both  salt  and  fresh 
water — ^appear  to  belong  to  this  order.  Like  the  preceding  animals,  they  possess  an 
intestinal  canal  with  two  openings,  and  the  sexes  appear  to  be  separate.  The  classifi- 
cation of  these  creatures  is  still,  however,  involved  in  great  obscurity;  and  much  still 
remains  to  be  done  before  it  can  be  brought  to  a  satisfactory  condition. 

Class  II. — ^Nematelhia. 

Geneva!  Chaxacteza. — The  animals  belonging  to  this  class  arc  of  a  more  or  less 
elongated,  cylindrical  form,  with  the  skin  much  thicker  and  stronger  than  that  of  the 
preceding  parasitic  worms,  and  generally  wrinkled  in  such  a  manner  as  to  give 
the  body  an  annulatcd  appearance.  The  nervous  system,  in  the  higher  forms,  consists 
of  a  pair  of  ganglia,  situated  in  the  anterior  extremity,  and  united  by  a  slender  nervous 
ring,  which  surrounds  the  oesophagus ;  from  these,  two  filaments  take  their  rise,  and  run 
through  the  whole  length  of  the  body.  In  the  lower  orders  no  undoubted  nervous 
system  has  yet  been  recognised.  As  far  as  our  present  knowledge  goes,  the  Round- 
worms are  unisexual ;  the  males,  which  occur  far  more  rarely  than  the  females,  ate 
always  smaller  than  the  latter,  and  usually  present  distinct  copulative  organs.  Ko  such 
extraordinary  metamorphosis  as  that  which  we  have  seen  to  prevail  amongst  the  flat 
worms  occurs  in  the  development  of  these  creatures,  which,  however,  are  as  yet  but 
imperfectly  known.  They,  not  only  inhabit  the  intestines  of  other  animals,  but  many 
species  are  also  to  be  met  with  in  the  interior  of  completely  closed  organs,  to  which 
they  must  have  obtained  access  in  their  earliest  stages. 

Divisions. — ^The  Nematelmia  form  three  very  distinct  orders, — ^the  Aeanthocephala, 
which  possess  a  proboscis  armed  with  a  formidable  apparatus  of  hooks,  but  are  apparently 
destitute  of  an  alimentary  canal;  the  Gi^diaeeay  long  thread-like  wcnms,  with  an 
intestinal  canal,  but  without  an  anus ;  and  the  IfmaiMdea,  in  which  a  perfect  intestinal 
canal  exists. 
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Ordbb  I.— Acanthocbphala. 

This  order,  which,  includes  only  a  single  genus,  is  composedof  parasitic  worms  often 
of  consideraj^le  size,  which  find  their  habitation  in  the  intestines  of  various  animals, 
especially  fishes.  One  species  in  particular,  the  largest  in  the  order,  is  common  in  the 
intestines  of  '^swine,  where  it  sometimes  attains  a  length  of  eighteen  inches.  The  body 
is  thick,  and  divided  into  rings  by  a  series  of  transverse  wrinkles ;  the  head  is  armed 
with  rows  of  reversed  spines,  which  not  only  serve  to  fix  the  animal  in  its  abode,  but 
also  enable  it  to  bore  through  the  intestines  of  its  unfortunate  victim,  who  sometimes 
falls  a  sacrifice  to  this  propensity  of  his  uninvited  guest.  These  creatures  appear  to 
possess  no  alimentary  canal ;  their  nourishment  is  entirely  obtained  by  absorption 
through  the  skin,  beneath  which  ia  a  curious  areolar  structure,  which  is  probably 
subservient  to  this  purpose. 

Obder  II.— Gordiacea. 
The  Gordiaeea,  or  ffair  worms,  are  at  once  distinguishable  by  the  extraordinary 
length  of  their  bodies  (Fig.  73),  which  frequently  present  a  close  resemblance  to  a  horse- 
hair; so  dose,  indeed,  that  in  former 
times  the  popular  belief  ascribed  their 
origin  to  the  introduction  of  horse-hairs 
into  the  water  in  which  they  are  found. 
These  animals  live  as  parasites  in  the 
bodies  of  various  species  of  insects,  to 
which  their  size  is  often  so  dispropor- 
tionate, that  when  the  worm  is  coiled  up 
within  the  cavity  ^f  an  insect's  body,  scarcely  any  space  is  left  for  the  internal  organs  of 
its  unfortunate  host.  Dr.  Baird  has  recently  described  a  species  of  Gordius  from  the 
common  violet  Ground  Beetle  {Carabus  violaeeus),  an  insect  scarcely  an  inch  in  length,  the 
worm  being  upwards  of  eleven  inches ;  whilst  other  species,  of  which  the  victims  are 
unknown,  attain  a  length  of  about  three  feet.  When  mature  they  quit  the  bodies  of  the 
insects,  at  whose  expense  they  have  been  nourished,  and  seek  some  piece  of  water  or  moist 
situation,  where  they  deposit  their  ova  in  long  chains.  At  this  period  they  sometimes 
suddenly  make  their  appearance  in  vast  numbers  in  particular  spots,  giving  rise  to 
reports  of  worm  rains.  It  seems  probable  that  the  evolution  of  the  young  proceeds  to 
a  certain  distance  in  the  situations  where  the  eggs  are  deposited ;  but  when,  or  in  what 
manner,  they  afterwards  obtain  access  to  their  destined  victims,  is  still  unknown.  One 
of  the  most  singular  circumstances  connected  with  their  history  is,  that  if,  by  any 
chance,  on  breaking  out  of  their  insect-home  they  find  that  dry  weather  has  produced 
a  state  of  things  incompatible  with  their  notions  of  comfort,  they  quietly  allow  them- 
selves to  be  dried  up,  when  they  become  perfectly  hard  and  brittle ;  but,  strange  to  say, 
the  moment  a  shower  of  rain  comes  to  refresh  the  earth  with  its  moisture,  the  dormant 
Gordii  immediately  recover  their  activity,  and  start  off  in  search  of  a  suitable  place  in 
which  the  great  object  of  their  visit  to  solid  earth  may  be  effected. 

OSDER  III. — NeMATOIDEA. 

With  the  exception  of  one  family,  all  the  worms  included  in  the  order  2fematoidea 
are  parasitio  in  the  bodies,  and  principally  in  the  intestines  of  other  animals ;  they  are, 
in  fact,  amongst  the  most  common  and  the  most  injurious  of  £ntozoa»    In  the  form  of 


Fig.  73.— Gordius  Aquaticus. 
a,  tail. 
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their  bodies  they  frequently  resemble  the  common  Garden-worm,  although  some  are 
much  more  elongated,  and  often  taper  to  a  yery  fine  point  at  one  end ;  the  skin  is  more 
or  less  wrinHed,  giving  them  an  annulated  appearance.  These  are  unmistakably  the 
highest  forms  of  intestinal  worms ;  they  present  a  distinct  nervous  system,  an  ali- 
mentary canal,  furnished  with  a  mouth  and  an  anal  opening,  and  distinct  sexual  organs. 
The  history  of  the  development  of  these  animals  is  but  imperfectly  known.  It  appears 
probable  that  in  many  cases  a  different  situation  is  required  for  the  evolution  of  the 
young,  to  that  inhabited  by  the  mature  animals ;  for  at  certain  periods  the  latter,  appa- 
rently impelled  by  some  wandering  instinct,  quit  the  intestines,  either  by  allowing 
themselves  to  bo  carried  out  along  with  discharged  matters,  or  by  actually  boring 
through  the  walls  of  their  habitation  into  the  tissues  beyond  them.  The  object  in  the 
latter  cases  appears  to  be  the  deposition  of  their  eggs  in  the  blood-vessels  of  tiieir  host ; 
at  least,  a  species  found  in  the  frog  deposits  its  ova  in  this  situation.  The  young 
animals  appear  to  be  carried  by  the  circulation  to  some  position  suitable  for  their 
development,  when  they  inclose  themselves  in  a  minute  capsule  or  cyst  amongst  the 
tissues  of  the  body,  and  remain  at  rest  for  some  time.  On  breaking  out  of  this  capsule 
they  find  their  way  to  the  intestines,  where  they  remain  until  their  instincts  prompt 
them  to  imitate  the  example  of  their  parents. 

This  order  includes  the  common  Aaearxs^  or  Round-worm  of  the  human  subject,  as 
well  as  the  little  Thread-ioorma  [Oxyuris)  which  are  often  so  troublesome  to  children. 
These  are  rarely  injurious,  unless  present  in  great  numbers.  Far  different  is  the  case, 
however,  with  the  Strongytus  gigns,  a  worm  sometimes  attaining  a  length  of  two  or  three 
feet,  and  the  thickness  of  a  man's  little  finger,  which  usually  inhabits  the  kidneys  of 
swine,  but  sometimes  finds  its  way  into  the  same  organ  in  man.  This  tremendous 
worm,  by  destroying  the  organ  in  which  it  has  taken  up  its  abode,  is  said  not  unfre- 
quently  to  cause  the  death  of  its  host. 

This  order  also  includes  the  dreaded  Guinea-worm  {FUaria  medinensiij,  which 
appears  to  occur  in  most  parts  of  tropical  Africa.  This  worm  lives  in  the  cellular 
tissue  beneath  the  skin,  and  between  the  muscles  of  man,  confining  its  attacks 
principally,  though  not  exclusively,  to  the  lower  extremities,  where  it  often  produces 
considerable  pain.  It  is  said  occasionally  to  attain  a  length  of  twenty  or  thirty  feet ; 
but  its  average  length  is  five  or  six.  It  is  extracted  by  winding  it  very  slowly  upon 
some  object,  an  operation  in  which  great  care  is  said  to  be  necessary,  as  if  the  worm  be 
broken  its  fluids  produce  a  very  painful  effect.  When  arrived  at  maturity,  the  FUaria 
comes  to  the  surface,  where  it  breaks  to  pieces  and  sets  free  the  innumerable  young 
with  which  it  is  crammed. 

In  this  order  we  also  place  the  AnguiUtdieUe,  the  so-called  Eels  of  paste  and  vinegar. 
These  are  minute,  thread-like  worms,  exhibiting  distinct  digestive  and  generative  organs, 
which  occur  often  in  great  numbers  in  putrefying  substances. 

Glass  III. — ^Annelida. 

Ctonetal  Chazactezs. — ^The  Annelida,  in  general,  present  a  more  complicated 
organization  than  any  of  the  preceding  animals;  the  division  of  the  body  into  segments 
is  usually  distinctly  recognizable,  and  the  segments  are  almost  universally  furnished 
with  external  appendages,  which  are  sometimes  jointed.  The  majority  live  in  water, 
or  in  damp  situations ;  a  very  few  only  are  parasitic  in  their  habits. 

The  head  in  most  of  these  animals  is  distinctly  marked,  and  furnished  with  organs 
of  sense,  such  as  eyes,  tentacles,  and  in  some  instances  auditory  yesioles,  containing 
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otolithes.  The  nervotia  system,  in  the  higher  forms,  exhibits  the  articulate  type  of 
structure  very  distinctly ;  it  usually  consists  of  a  series  of  ganglia  running  along  the 
yentral  portion  of  the  animal,  and  united  by  a  pair  of  slender  filaments,  by  which  they 
also  communicate  with  the  central  mass,  or  brain,  which  is  inclosed  in  the  head ;  this 
is  composed  of  two  ganglia,  united  by  a  ring  surrounding  the  oesophagus.  In  the  lower 
forms  the  nervous  system  approaches  that  of  the  preceding  classes. 

The  lateral  appendages,  which  serve  principally  as  organs  of  motion,  are  very 

Dorsal  arch       Dorsal  oar 
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Bristles 


Ventral  nietiiber       Vctatral  bi>s1i  '  -Y«atral  oar 

Fig.  74.— Tranerterse  section  of  on  Annelide  (Amphinome). 

variable  in  their  structure  and  arrangement,  sometimes  occurring- on  all  the  segments  of 
the  body,  sometimes  only  on  the  anterior-  or  on  the  middle  segments ;  sometimes  four 
and  sometimes  two  in  number  on  each  segment.  They  usually 
consist  of  lobes  of  skin,  furnished  with  bundles  of  bristles  of 
very  various  forms,  and  with  jointed  cirri  or  tentacles  ^ig. 
74);  they  also  commonly,  bear  the  respiratory  organs,  or 
branchiae  (Fig.  75).  In  some  Annelida,  as  the  Leeches,  no 
trace  of  external  organs  is  to  be  seen ;  whilst  in  others,  as  the 
Earth-worms,  they  are  reduced  to  a  few  bristles,  which  assist 
the  animal  in  its  progress  through  the  earth.  It  is  to  be 
observed,  hewever,  that  even  in  the  highest  Annelida  the 
jointed  cirri  are  always  easily  distinguishable  from  the  limlfs 
of  the  second  section  of  the  Ariiculata.. 

The  digestive  apparatus  consists  of  a  straight  intestine, 
running  through  the  body  from  one  extremity  to  the  other. 
.  The  mouth  is  usually  armed  with  jaws,  and  the  opposite  extremity  of  the  intestinal 
canal  always  terminates  in  an  anal  opening.  The  vascular  system  is  also'  very 
distinctly  developed,  and  the  nutritive  fluid  is  usually  of  a  red  colour,  sometimes  green 
,  or  yellow. 

The  sexes  are  usually  distiilct,  althoiigh  a  few— ras  the  Leeches  and  Earth-worms- 
are  hermaphrodites ;  but  even  in  these  self-impregnation  does  not  take  place.  Some 
Annelida  appear  to  propagate  also  by  spontaneous  division ;  and  many  of  them  can  re- 
produce parts  lofst  by  accidental  injury. 

]MTiflioii8.->The  Annelida  may  be  divided  into  two  groups,  characterized  by  the 
presence  or  absence  t)f  extenuil  respiratory  organs.  The  abranchiate  Annelidas  include 
two  orders, — ikeSuetoria,  Or  Leeehes,  characterized  by  the  possession  of  a  sucking  disc 
at  ihe  posterior,  and  usnaHy  ako  at  the  anterior  extremity ;  and  the  Scolecina,  or  Earth- 


Fig.  75.— Foot  and  bran- 

chia  of  Eunice. 
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Fig.  76.— The  C(tiimion  Leech  (Saiigaisog;a  Officlxkalis). 


worms,  in  which  these  suckers  are  wanting,  but  which  are  furnished  with  a  double 
row  of  bristles  along  the  under  surface  of  the  body.  The  branchiferous  group  is  also 
divided  into  two  orders,— the  Tubieola,  the  animals  composing  which  form  a  tube  for 
their  habitation,  and  the  Errantia^  which  enjoy  no  such  protection.  ' 

ObDEB  I. — SUCTORIA. 

General  Characters.— The  animals  belonging  to  this  order,  of  which  the  common 
medicinal  Leech  (Fig.  76)  is  a  familiar  example,  are  characterized  by  the  total  deficiency 
of  any  lateral  appendages ;  their  motions  being  effected  by  undulations  of  the  body  whilst 

swimming,  or  by  the 
alternate  attachment 
of  the  sucking  discs 
with  which  the  two  . 
extremities  of  their  \ 
bodies  are  usually 
furnished.  They  all 
appear    to    live    by 

sucking  the  blood  of  other  animals;  and,  for  this  purpose,  the  inouth  of  th6  Leech  is 
furnished  with  an  apparatus  of  homy  teeth,  by  which  they  bite  through  the  skin.  In 
the  common  Leech  three  of  these  teeth  exist,  arranged  in  a  triangular,  or  rather  tri-  \ 
radiate  form,  a  structure  which  accounts  for  the  peculiar  appearance  I 
of  leech  bites  in  the  human  skin  (Fig.  76,  a).  Each  of  these  teeth 
has  a  minutely  serrated  edge  (Fig.  77),  which,  when  worked  back-  \ 
wards  and  forwards  in  contact  with  the  skin,  soon  saws  it  through, 
when  the  teeth  are  retracted,  and  the  hlood  is  then  pumped  irom. 
the  wound  by  the  alternate  dilatation  and  contraction  of  the  muscular 
oesophagus.  In  the  Clepsinidee  this  structure  disappears,  giving  way  : 
Fig.  77— Tooth  of  to  a  protrusible  proboscis.  The  intestine  is  of  very  large  size,  and 
usually  extends  on  each  side  into  short  blind  sacs  or  processes,  the 
distension  of  which,  during  the  act  of  suction,  must  necessarily  increase  its  capacity. 
Bespiration  appears  to  be  performed  by  a  system  of  aquiferous  canals,  lined  with  cilia, 
which  open  externally,  by  a  series  of  minute  orifices,  on  each  side  of  the  body.  The 
vascular  system  is  well  developed.  Nearly  all  these  animals  are  hermaphrodite.  The 
deposition  of  the  eggs  is  attended  with  some  very  singular  circumstances.  At  the 
period  of  oviposition,  a  peculiar  gelatinous  band  is  produced  round  the  anterior  part  of . 
the  body  near  the  orifice  of  the  generative  organs,  which  is  situated  in  this  part.  The 
Leeeh  lays  its  eggs  in  this  gelatinous  matter;  and  when  all  arc  deposited  it  withdraws  its 
body  from  the  band,  which  then  closes  up,  and  forms  a  complete  capsule,  within  which 
the  eggs  are  inclosed.  It  appears,  from  a  statement  of  M.  Fremond,  that  (in  addition 
to  these  capsules,  or  cocoons,  as  they  are  called,  containing  a  number  of  ova)  the  Leech 
also  sometimes  produces  a  "  compound  egg,  formed  of  a  transparent  membrane,  full  of  a 
liquid,  in  which  little  globules  soon  begin  to  appear ;  these  globules  are,  in  faCt,  so 
many  fferma  of  Leeches,  and  during  development  take  the  form  of  little  worms,  which 
soon  leave  the  egg  by  an  opercular  hole  at  its  extremity." 

The  nervous  system  in  the  Suctoria  is  usually  well  developed ;  and  the  anterior 
Buckiag  disc  bears  a  row  of  eight  or  ten  eyes,  which,  however,  appear  to  be  of  very 
imperfect  construction. 
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DiTiflioiui.— This  order  is  divided  into  three  fiunilies.  The  first,  the  MakteobtM' 
lid<B,  presents  many  points  of  resemhbince  to  the  Trematode  worms ;  the  mouth  is 
unarmed,  the  substance  of  the  body  semi-transparent,  the  nervous  system  composed 
of  a  single  ganglion  and  filament  on  each  side  of  the  body;  and  there  is  a  single 
sucking  disc  at  the  posterior  extremity.  These  worms  live  parasiticaUy  within  the 
mantle  of  various  marine  bivalve  MoUusca. 

In  the  d^tinidm,  the  body  is  of  a  leech-like  form,  but  very  much  narrowed  in 
front,  and  the  mouth  is  furnished  with  a  protrusible  proboscis.  These  aTiimnln  live  in 
fresh  water,  where  they  may  often  be  seen  creeping  upon  aquatic  plants.  They  prey 
upon  the  water  snails  (Zymnea), 

To  the  third  family,  the  true  Leeches  {Hirudinida)^  the  common  medicinal  Leeches 
belong.  Two  species  of  Leech  are  commonly  used  in  medicine,— the  Sanguisuga  qffiei- 
naliSf  a  native  of  the  South  of  Europe,  and  the  3.  medicinalis,  which  is  found  princi- 
pally in  the  northern  countries  of  the  same  continent,  and  occurs,  but  rarely,  in  England. 
Most  of  the  Leeches  used  in  England  are  imported  from  Hamburgh ;  but  the  pools  and 
marshes  in  which  the  animals  are  collected  are  situated  at  a  great  distance  from  that 
emporium  of  the  trade,  in  the  thinly  populated  countries  of  eastern  Europe,— Hungary, 
Bohemia,  and  Russia. 

The  supply  in  these  countries,  however,  appears  to  be  nearly  exhausted,  and 
much  of  our  supplies  are  now  derived  from  regions  still  further  to  the  east.  The 
animals  are  caught  by  means  of  baits  put  into  the  water,  or  by  the  fishermen  wading 
into  the  pools  with  naked  legs.  The  importance  of  the  Leech  in  medicine  is  well 
known ;  but  few,  perhaps,  are  aware  of  the  enormous  consumption  of  these  Annelides 
that  really  takes  place.  Some  idea  of  this  may  be  formed,  however,  from  the  fact 
mentioned  by  Dr.  Pereira,  that  some  years  ago  "four  principal  dealers  in  London 
imported,  on  the  average,  600,000  monthly,  or  7,200,000  annually !"  The  annual  con- 
sumption in  Paris  has  been  estimated  at  3,000,000,  and  that  of  the  whole  of  France  at 
no  less  than  100,000,000.  No  other  creature,  so  low  in  the  scale  of  organization,  gives 
rise  to  so  extensive  a  conuncrce  as  this.  The  Leeches  are  sometimes  imported  in  bags, 
but  more  frequently  in  small  tubs,  closed  with  stout  canvas,  to  allow  the  passage  of 
air.    Each  of  these  tubs  contains  about  2,000  Leeches. 

But  if  the  medicinal  Leech  puts  forward  a  strong  claim  to  our  attention,  on  the  ground 
of  the  services  which  it  renders  to  mankind,  there  are  others  which  force  themselves 
upon  our  notice  from  the  very  opposite  consideration.  These  are  principally  confined 
to  hot  countries,  where,  however,  they  are  often  great  pests.  In  Egypt,  during  the 
invasion  of  that  country  by  Napoleon,  the  French  soldiers  were  often  exposed  to  great 
torment  from  the  numbers  of  Leeches  infesting  the  pools.  "When  the  men,  fatigued  with 
their  march  under  the  burning  sun,  rushed  eagerly  to  drink,  these  bloodthirsty  animals 
*«  ould  fix  themselves  to  the  interior  of  the  mouth  or  nostrils,  producing  intolerable 
annoyance  to  men  already  half-maddened  by  vexation  and  fatigue. 

A  still  more  remarkable  instance  is  afforded  by  the  small  Leeches  which  infest 
Ceylon.  These  animals  are  about  an  inch  and  a  half  in  length.  They  live  principally 
in  the  forests,  amongst  the  dead  leaves,  in  damp  plaecs;  but  often  make  their  appearance 
in  other  parts  of  the  island  during  wet  weather.  "Wherever  they  occur,  however,  they 
seem  always  to  be  on  the  look-out  for  blood ;  and  some  instinct  tells  them  that,  even 
under  the  clothes  of  Europeans,  this  wished-for  delicacy  is  to  be  obtained.  The  incau- 
tious invader  of  their  domain  soon  feels  a  peculiar  sensation  of  moisture  about  his  legs ; 
and,  on  examining  into  the  cause,  he  finds,  to  his  dismay,  that  they  are  bathed  in  blood ;  or 
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should  he,  by  cliance,  wear  white  trousers,  he  may  perhaps  receive  the  first  horrifying 
intelligence  of  what  is  going  on,  by  the  sudden  appearance  of  red  stripes  upon  his  nether 
habiliment.  If  the  traveller,  made  wise  by  experience,  should  resort  to  the  expedient 
of  tjring  his  trousers  round  his  boots,  or  (which  is  said  to  to  be  the  best  course)  his  boots 
over  his  trousers,  the  little  blood-suckers  will  mount  still  higher  in  search  of  their 
manorial  rights ;  and  an  unpleasant  dabbled  sensation  about  the  neck  soon  shows  that 
the  enemy  has  succeeded  in  scaling  the  citadel.  The  legs  of  horses,  passing  through 
the  districts  infested  by  these  pests,  are  frequently  completely  covered  with  blood  in 
consequence  of  their  attacks. 

Some  species  of  this  family,  forming  the  genus  JPiscicola,  live  as  parasites  upon 
various  fresh- water  fishes ;  whilst  those  of  the  genus  Branchiobdella,  which  are  quite 
destitute  of  eyes,  inhabit  the  branchise  of  some  Crustacea. 


This  appears  to  be  the  proper  place  to  allude  to  some  singular  marine  animals 
which  have  been  placed,  by  some  zoologists,  amongst  the  Echinodermata,  by  others 
amongst  the  Annelida,  These  are  the  species  of  the  genus  Sipunculus  and  its  allies, 
which  constitute  an  order  of  animals  for  which  the  name  of  Gephyrea  has  been  pro- 
posed, in  allusion  to  the  apparent  connection  which  they  establish  between  the  Echino- 
dermata  and  the  articulate  series.  Their  bodies  are  cylindrical,  and  rather  thick, 
covered  with  a  tough  skin,  in  which  a  few  bristles  are  sometimes  inserted,  but  which 
neither  contains  calcareous  particles  nor  the  tubular  sucking  feet  of  the  true  Echinoderms. 
Their  habits  are  very  similar  to  those  of  the  common  lob- worms,  and  like  these  they  are 
much  sought  after  as  baits  by  the  fisherman.  They  live  in  the  sand,  where  they  move 
about,  much  in  the  same  way  that  the  common 
garden  worm  does  in  moist  soil ;  they  are  destitute 
of  eyes  and  other  organs  of  sense,  and  the  mouth  is 
armed  with  a  curious  proboscis.  Some  species,  as 
the  Sipunculus  Bemhardus,  here  represented  (Fig.  78), 
seek  protection  by  inclosing  their  bodies  in  the 
abandoned  dwelling  of  some  univalve  Mollusc ;  whilst 
others,  for  the  same  purpose,  actually  hollow  them- 
selves caves  in  the  substance  of  stones  and  corals. 
One  of  these,  to  which  M.  Valenciennes  has  recently 
given  the  name  of  Sipunculus  coehleariusj  is  remark- 
able for  a  habit  of  forming  a  small  spiral  cell  in  the 
stony  substance  of  two  very  different  species  of  coral. 
This  animal  is  probably  troubled  with  a  tender  skin, 
and,  in  order  to  prevent  abrasion  by  the  rough  walls 
of  bis  coral  home,  he  lines  it  with  a  smooth  vitreous 
matter,  producing  an  appearance  which  has  so 
deceived  zoologists,  that  they  have  supposed  that  the 
corals  had  built  their  structure  around  some  small 
shell,  and  hence,  confounding  the  two  si>ecies,  described  them  both  under  the  common 
name  of  Madr€pora  cochlea. 

Order  II.— Scolbcina. 

Oeneral  Ghazaoten.— Of  this  order  we  have  several  well-known  examples  in 
the  Earth-worms  so  common  in  our  gardens  and  fields.  The  bodies  of  these  animals  are 
of  a  cylindrical  form,  somewhat  pointed  at  the  anterior  extremity,  and  usually  a  little 


Fig.  78.~Sipunculus  Bernhardus. 
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flattened  at  the  tail.  The  skin  is  tough,  and  divided  into  numerous  segments  by 
transverse  wrinkles,  and  the  organs  of  motion  are  reduced  to  the  form  of  a  idouble  ro'w 
of  bristles^  running  down  the  lower  surface  of  the  body,  which,  instead  of  being  placed, 
as  in  the  following  orders,  upon  prominent  lobes  of  the  sMn,  ore  usually  capable  of 
being  retracted  within  small  hollows  when  not  in  use.  The  mouth  is  imarmcd,  and  tbe 
intestine  runs  straight  through  the  body.  The  vascular  system  consists  of  two  longi- 
tudinal vessek  running  along  the  ventral  and  dorsal  regions  of  the  body,  and  united  by 
numerous  branches.  The  blood  is  red.  Like  the  Leeches,  these  worm  s  are  furnished 
with  ciliated  canals,  which  have  been  supposed  to  serve  as  oergans  of  respiration ;  but 
their  real  destination  appears  to  be  still  uncertain.  Like  the  leeches,  also,  they  are  all 
hermaphrodites. 

Divisions. — This  order,  contains  two  families— the  LumbrieuUe  or  JEarth-wormay 
and  the  NaididcB,  The  former  are  too  well  known  to  require  much  description ;  they 
possess  no  distinct  head,  and  ar6  quite  destitute  of  eyes ;  their  bristles  are  hooked,  and 
placdd  in  little  tufts  in  pits  on  the  lower  surface,  whence  they  can  be  exserted  when 
the  animal  requires  their  assistance.  They  live  in  holes  in- moist  eattii,  and  are  said  to 
be  predacious  animals,  although  popular  belief  charges  them  with  the  destruction  of 
the  roots  of  plants.  Mr.  Darwin  has  asserted  that,  6vfen  if  4hese  wolins  do  some  damage 
to  vegetation,  by  feeding  upota.  the  tender  roots  of  young  plants,  yet  they  amply  com- 
pefnsate  for  this  by  the  sort  of  tillage  which  they  give  to  the  soil  in  coicistaJitly  passing 
through  it. 

It  is  generally  supposed  that  the  Eatth-'trorm  nlay  "be  propagated  by  division ;  but 
this  scarcely  appears  to  be  the  case.  It  is-  said,  however,  thdt  if  it  be  divided  across  the 
middle,  the  part  bearing  the  head  will  develop  a  new  tail,  although  the  tail  will  SOon 
die ;  and  that,  if  the  head  be  ciit  off,  the  body  will  foim'a  new  head ;  but  it  appears 
that  both  portions  never  survive  this  mutilation. 

This  power  of  reproduction  of  lost  parts  is  cartied  to  a  much  greatet  extent  in  the 
Naidid(B,  which  even  propogate  by  a  kind  of  gemmation.  'Riese  animals  live  princi- 
pally in  the  mud  of  fresh-water  ponds  and  rivers.  In  their  fbrm  they  resemble  the 
common  Earth-worm ;  but  their  bodies  are  furnished,  besides  the  ventral  bundles  of 
bristles,  with  a  series  of  long  spines  on  each  side.  They  generally  have  two  distinct 
eyes,  and  the  mouth  is  sometimes  armed  with  a  long  proboscis. 

Obdeb  II.— Tubicola, 
General  Characters. — ^The  worms  bdonging  to  this  order,  which  oomm^oces 
the  scries  of  branchiferous  Annelida,  are  all  marine,  and  are  distinguished  by  their 
invariable  habit  of  forming  a  tube  or  case,  within  which  the  soft  parts  of  the  animal  can 
be  entirely  retracted.  This  tube  is  usually  attached  to  stones  or  other  submarine  bodies. 
It  is  often  composed  of  various  foreign  materials,  such  as  sand,  small  stones,  and  the 
debris  of  shells,  lined  internally  wii^  a  8tno6th  coating  of  hardened  mucus ;  in  others  it 
is  of  a  leathery  or  homy  consistency ;  and  in  some  it  is  composed,  like  the  shells  of  the 
Mollusca,  of  calcareous  matter  secreted  by  the  animal.  Those  animals  frequently  live 
together  in  societies,  winding  their  tubes  into  a  i^ass  which  often  attains  a  considerable 
size ;  others  are  more  solitary  in  their  habits.  They  retain  th.err  position  in  their  habita- 
tions by  means  of  appendages,  very  similar  to  those  of  the  free  worms,  and  furnished, 
like  these,  with  ti^ts  of  bristles  and  spines ;  the  latter,  in  the  tubieolftr  AnneHdeB,  are 
usually  hooked ;  so  that,  by  applying  them  to  the  walls  of  its  domicile,  the  animal  is 
enabled  to  oppose  a  cwnaiderable  resistanee  to  any  effort  to  draw  it  out  of  its  hole. 
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In  these,  as  in  the  preceding  Annelida^  no  distinct  head  can  be  recognised,  and  the 
eyes  are  either  entirely  wanting  or  very  rudimentary.  The  mouth  also  is  generally 
unarmed.  The  anterior  extremity  is  always  furnished  with  tentacles,  which  serve 
both  as  organs  of  touch  and  for  the  capture  of  prey.  The  nervous  system  is  well- 
developed,  although  the  longitudinal  filaments  generally  run  down  the  sides  of  the  body, 
instead  of  being  united  by  ganglia  in  the  middle  line.  The  branchiae  are  usually  con- 
fined to  the  head,  where  they  appear  as  branched  organs  in  the  midst  of  the  tentacles ; 
they  sometimes  also  occur  on  some  of  the  segments  of  the  body. 

All  these  worms  are  unisexual.  They  deposit  their  eggs  in  a  mass  of  mucus,  whio^ 
usually  clings  to  the  tube  of  the  parent  animal. 

The  young  Ihrebella,  on  the  first  breaking  out  of  the  eggf  is  a  small  globular 
embryo,  thickly  covered  with  cilia.  By  degrees  this  elongates  into  an  oval  form,  and 
the  cilia  collect  in  a  band  round  its  middle.  The  lengthening  process  continues,  and 
in  a  little  time  a  pair  of  small  eyes  make  their  appearance  in  the  head,  whilst  a 
new  set  of  cilia  are  developed  at  the  caudal  extremity.  Still  the  little  animal  con- 
tmues  elongating ;  the  cilia  are  reduced  to  a  little  band,  like  a  cravat,  round  its  neck, 
and  a  patch  on  the  baek,  whilst  the  body  exhibits  traces  of  annulation,  and  single 
bristles  begin  to  sprout  &om  its  sides.  At  last  the  oilia 
disappear  altogether;  the  members  acq^uire  sufficient 
development  to  enable  the  young  TercbeUa  to  creep  along 
the  bottom  of  the  water.  It  selects  a  spot  for  its  perma- 
nent abode,  fixes  itself,  builds  its  house,  and  becomes, 
after  its  brief  "Wanderjahr,"  a  q^uiet,  home-staying  denizen 
of  the  deep. 

Divisions. — ^In  the  best  known  family  of  this  order, 
the  SabellicUBy  the  branchise  are  placed  on  the  head,  where 
they  form  a  circle  of  plumes  (Fig.  79)  or  a  tuft  of  branched 
organs.  Of  the  tentacles,  one  is  usually  much  thickened, 
so  as  to  form  a  sort  of  plug,  which  closes  the  aperture  of 
the  tube  when  the  animal  is  retracted.  The  Serpulce, 
which  forin  irregularly  twisted  calcareous  tubes,  often 
grow  together  in  large  masses,  generally  attached  to  shells 
and  sindlar  objects ;  whilst  those  genera  which,  like 
Terebeila  (Fig.  80),  build  their  residences  of  sand  and 
stones,  appear  to  prefer  a  life  of  single  blessedness.  The 
curious  little  spiral  shells,  often  seen  upon  the  fronds  of 
sea-weeds  are  formed  by  an  animal  belonging  to  this 
£unily  ^Spworhis). 

The  MermelUdcBj  some  of  which  live  amongst  the  oyster-beds,  and  often  4o  much 


Fig.  79.— AGroupofSerpulse. 


■  Fig.  80.— Terebella. 
misohief  by  the  increase  of  their  masses  of  tubes,  also  belong  to  this  o^der. 
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OSDEB   rV. — ^ESRANTIA, 

Oenexal  Cliaxactess.— We  now  come  to  the  last  and  highest  order  of  the 
Annelida,  comprising  those  animals  in  which  the  external  appendages  of  the  body 
attain  their  highest  development,  whilst  the  power  of  free  locomotion  indicates  the 
possession  of  a  higher  degree  of  general  intelligence  than  would  be  necessary  for  the 
sedentary  animals  of  the  last  order.  It  must  be  confessed,  however,  that  in  their  struc- 
ture, and  especially  in  their  development,  they  display  *r 
a  very  close  relationship  to  those  animals ;  the  history  m 

of  the  development  of  the  young  in  the  two  orders   6  WlfyMtov/yr'^^k.^- * 

being  so  very  similar,  that  one  description  will  serve  *** 
for  both. 

The  head  of  these  worms  is  distinctly  marked,  and 
the  mouth  is  generally  furnished  with  jaws  of  some 
kind,  which  are  not  unfrequently  placed  at  the  ex- 
tremity  of  a  protrusible  proboscis  (Fig.  81).  The  general 
structure  of  the  lateral  appendages  and  branchiso  has 
already  been  explained  at  p.  284 ;  but  the  parts  of  which  these  are  composed  frequently 
exhibit  the  most  extraordinary  forms.  Like  the  Tubieola,  all  these  worms  are  unisexual ; 
the  ova  are  usually  deposited  upon  stones  or  aquatic  plants ;  but,  in  some  instances, 
tho  mother  carries  them  about  enveloped  in  a  slimy  matter. 

Divisions* — Amongst  the  numerous  families  into  which  this  order  has  been 
divided,  the  one  which  approaches  most  closely,  both  in  structure  and  habits,  with  the 
lower  worms,  is  that  of  the  Arenicolidce^  including  the  common  Lob-wormy  so  much  used 


Fig.  81. — Head  and  Trunk  of  Gly- 
ceris ;  c,  anterior  portion  of  .the 
body;  t,  head;  <r,  trunk;  6, 
opening  of  the  mouth;  m  m, 
jaws. 


Fig.' 82.— Arcnicola  Piscatorum. 

by  sea  fishermen  as  a  bait.  This  animal  is  found  on  all  sandy  parts  of  tho  coast, 
where  it  bores  into  the  sand  left  wet  by  the  retiring  tide;  its  head  is  large  and 
rounded,  quite  destitute  of  eyes  or  tentacula,  and  furnished  with  a  short  unarmed  pro- 
boscis. The  feet  are  very  small,  and  confined  to  the  anterior  part  of  the  body ;  whilst 
the  branchial  tufts,  which  are  of  considerable  size,  are  placed  on  each  side  of  the  middle 
segments. 

The  family  of  AphrodUida,  some 
species  of  which  are  known  as  Sta- 
mice,  includes  some  marine  animals 
of  great  beauty.  In  these  worms 
the  body  is  generally  broad,  or  ovate, 
the  head  small,  and  furnished  with 
very  short  tentacula ;  the  feet  large, 
wiUi  immense  tufts  of  bristles  and 
spines,  often  of  the  most  remarkable 
^,    .^  fbrms,  and  exhibiting  the  most  bril- 

Rg.83.-Aphrodlulii.pida..  Kant  metallic  colours.    Eachof  these 

hairs  (Fig.  83)  is  retractile  within  a  homy  shetih,  which  serres  to  protect  the  soft 
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parts  of  the  animal  from  injury  by  its  own  weapons.  The  most  remarkable  peculiarity 
of  these  animals  is,  that  their  dorsal  surfieu^e  is  entirely  or  partially  covered  by  a  double 
series  of  large  membranous  scales  attached  to  the  alternate  segments,  between  which 
the  beautiful  bristles  of  the  feet  make  their  appearance.  These  animals  generally  inhabit 
deepish  water ;  but  numbers  of  them  are  often  thrown  upon  our  coasts  after  a  storm. 

The  family  of  Nereides  includes  some  elongated  and  distinctly  annulated  worms, 
which  possess  a  wcll-deyeloped  head  (Fig.  84),  furnished  with  tentacles  and  eyes,  and 
a  mouth  with  a  proboscis,  which  is  sometimes  unarmed,  sometimes  furnished  with  two 
or  four  teeth.    The  cirri  or  tentacles  attached  to  the  feet  are  often  of  considerable  length. 


Fig.  84.— Nereis,  with  its  head  and  some  of  the  anterior  segments, 
and  sometimes  even  annulated  (Fig.  85).  The  animals  frequently  present  the  appear- 
ance strongly  resembling  that  of  the  more  elongated  Myriapoda,    The  branchial  tufts 

are  but  slightly  developed. 

In  the  next  family,  the 

JEunicida,  on  the  contrary, 
these  organs  (Fig.  75)  are 
of  considerable  size,  and  the 
mouth  is  armed  with  from 
seven  to  nine  toothed  jaws. 
This  family  includes  some 
species  of  large  size:  the 
85.--Sylli8  Monilaris,  with  one  of  its  locomotive  organs  and  Eunice  gigantea.  which  in- 
^    setigeroas  appendage  attached  thereto.  t_  i..x  xv  ^    ^.t  j* 

*  habits  the  West  Indian  seas, 

grows  to  four  or  five  feet ;  and  others,  found  in  the  Southern  Ocean,  are  said  to  attain 
double  that  length. 

Zoologists  also  place  in  this  order  a  curious  terrestrial  Annelide,  found  in  the  West 
Indies  by  the  Rev.  Lansdown  Guilding,  and  described  by  him  under  the  name  of 
Ptripatus  (Fig,  86).  In  its  general  appearance  it  exhibits  a  most  striking  resem- 
blance to  the  well-known  Juliy  or  Millepedes ;  the  body  is  distinctly  annulated,  the 
head  well  marked,  and  furnished  with  two  jointed  tentacles  and  eyes.  Along  each 
side  of  the  body  runs  a  series  of  soft  feet,  which,  however,  exhibit  traces  of  annulation ; 
and  these,  as  in  the  other  free 
AnneUda,  are  terminated  by  tufts 
of  bristles.  This  curious  genus 
forms  the  family  PeripatidcB. 

The  order  o£  Annelida  Erran- 
tia  also  includes  another  family, 
which     appears    to    possess     a  Fig.  86.-Perip8tus. 

striking  affinity  to  the  following   class,  the  Rotifera.     This  is  the  family  of  the 
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,  Polyophihalrmda,  consisting  of  cylindrical  worms,  fumislied  with  bristle-like  feet, 
,  somewhat  resembling  those  of  the  Scoleeina.  Each  segment  of  the  body  is  said  to  bear 
,  a  pair  of  eyes,  whence  the  name  given  to  the  genus  and  family  to  which  these  creatures 

belong.     The  most  remarkable  character  presented  by  these  animals  is  the  struoture  of 
,  the  head,  which  bears  a  pair  of  lobes  covered  with  cilia,  which,  like  the  similar  organs 

of  the  Hotiferoy  can.  be  retracted  and  protruded  at  pleasure.     From  these,  we  pass 
.  naturally  to  the  las^  class  of  this  subdivision  of  the  Articulata,  the 
1 

1  Class  IV.— Botifera. 

I  General  Characters. — This  interesting  class  of  microscopic  aquatic  animals,. 
I  included  amongst  the  Infusoria  by  Ehrenberg,  is  ^  B 

!  now  generally  admitted  to  belong  to  the  Articu- 
;  late  division.  They  are  animals  of  very  diverse 
I  forms,  but  are  always  characterized  by  the 
'  possession  of   ciliated  organs  at  the   anterior 

exti-emity  (Fig.  87),  by  means  of  which  they 

produce  a  vortex  in  the  water,  which  carries  to 

their    mouths    any   minute    animals  or  plants 

which  may  be  floating  in  their  neighbourhood. 

The  skin  exhibits  distinct  indications  of  trans- 
verse   wrinkles   or   folds,    by  the    agency  of 

which  the    animals    are    enabled  to    contract 

themselves  to  an  extraordinary  extent,  so  that 

they  often  acquire  an  almost  globular   shape. 

In  some  cases,  however,  the  skin  becomes  homy, 

or  a  small  quantity  of  silicious  matter  is  fixed 

in  it.  In  either  case  the  skin  then  forms  a  sort 
i  of  carapace,  within  which  the  little  animal  can 
I  retreat  in  case  of  danger.  Many  of  them  pass 
I  their  lives  fixed  in  one  place  like  polypes,  whilst 

others   enjoy  the   power  of  swimming  freely 

about  The  free  species  axe  all  furnished  with 
,  some  means  of  fixing  themselves  when  about  to 
'  feed.  In  some  cases  the  tail  terminates  in  a  sort 
I  of  Buoker  j  in  others,  in  a  pair  of  minute  forc^w, 
!  by  which  the  little  creature  attaches  itpelf  to 

its  resting  plaqe. 

As  might  be  expected  from  their  minute  size, 

few  of  them  exceeding  a  line  in  leiigth,  and 

some  being  no  more  thajoi  -^th  of  an  inch,  the 

nervous  system  in  these  animals  has  not  been 

made  out  very  distlae^y.     It  app«ai«  ceortain, 

however,  that  a  p»ir  of  gwsigHa  always  exwte  in  the  neighbouihood  of  the  head,  and 

that  from  these  a .  l^tlei  >  £}»nkent  r«D3  down  each  side  of  the  body.     The  head 

also  possesses  from  one  to  four  eyes,  iwwttUy  indicated  by  their  red  colour;  these,  as 

usual,  disappear  in  the  sedentary  forms ;  although  their  young,  which  aie  endowed 

with  the  powers  of  locomotion,  possess  them. 

The   structure  of  the  alimwlary  canal  is  wx)nderfully  coiaplex,  consideriikg  the 


Fig.  87.— Wheel  Animalcules. 
A,  with  the  wheels  expanded  ;f  B,  with  the 
wheels  folded  up  and  drawn  in ;  o,  the 
head  with  the  eye-apots;  6,  the  wheels; 
e,  water-siphon  ;  rf,  masticating  appa- 
ratus; «,  salivary  glands ;  //,  intesUnal 
canal;  ^,  its  dilated  termination;  h, 
glandular  apparatus  surrounding  it; 
«>  young  onea  nearly  complete;  k,  eggs ; 
I,  tail. 
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minute  size  of  the  creature  possessing  it.  Within  the  mouth  is  a  wide  hollow,  at  the 
bottom  of  which  the  entrance  to  the  gullet  is  seen;  this  is  armed  with  a  singular 
apparatus  of  teeth,  set  in  motion  by  muscular  action,  and  ready  to  seize  upon 
any  particles  of  food  that  may  be  carried  into  the  mouth  by  the  external  voi*tex.  The 
water  introduced  is  sometimes  carried  off  by  a  minute  canal,  situated  close  under  the 
head;  in  other  cases  it  is  allowed  to  find  its  way  out  as  it  can.  The  teeth,  in  some 
JRoti/era,  are  in  the  form  of  acute  spines, — these  are  predaceous  animals,  and  exhibit  as 
much  ferocity,  in  their  way,  as  can  be  shown  by  creatures  infinitely  their  superiors  in 
size ;  in  others  they  constitute  small  homy  plates,  furnished  with  transverse  ribs ;  and 
these  are  usually  regetable  feeders.  Close  to  this  apparatus  are  a  pair  of  glandular 
bodies,  which,  apparently,  discharge  their  secretions  into  the  oesophagus  at  that  point ; 
these  are  regarded  as  salivary  glands.  From  these  the  intestinal  canal  extends  through 
the  body,  inclosed  in  a  thick  granular  mass,  till  it  nearly  reaches  the  caudal  extremity, 
at  which  point  the  anal  opening  is  usually  situated. 

The  Rotifera  appear  to  be  perfect  self-impregnating  hermaphrodites,  and  the  ov^  in 
most  of  them  appear  to  be  developed  within  the  body  of 
the  parent,  until  the  principal  organs  of  the  yoimg  animal 
are  quite  recognizable.  Their  powers  of  reproduction  are 
most  extraordinary.  Ehrenberg  relates  that  in  three  days 
tbeprogeny  of  a  single  specimen  of  5y^</«^  senta  (Fig.  88), 
which  he  had  isolated,  amounted  to  no  less  than  twenty 
individuals  ;  a  rate  of  increase  which  in  ten  days  would 
give  upwards  of  a  million  of  specimens.  That  author 
adds,  that  "  if  two  instead  of  four  were  produced  daily 
by  eacli  individual,  a  million  would  be  called  into  ex- 
istence in  twenty  days ;  and  on  the  twenty-fourth  day 
we  should  have  16,777,21 6  animalcules.*'  But  wonderfiil 
as  is  the  fecundity  of  these  animals,  when  placed  in  favour- 
able circumstances,  not  less  so  is  their  power  of  resisting 
the  action  of  drought,  which  might  otherwise,  by  drying 
up  the  water  of  their  habitations,  involve  the  whole  or 
the  greater  part  of  their  species  in  destruction.  It  is 
found,  however,  that  these  little  creatures  may  be  dried 
completely  and  repeatedly,  until  their  bodies  are  so  brittle 
that  the  slightest  touch  would  crush  them,  and  that  on 
the  return  of  moisture  they  will  again  spring  into  ex- 
istence, xuifold  their  little  wheels,  and  give  rise  to  a  fresh 
generation. 

IMvisions. — The  Rotifera  form  two  orders,  the 
Sessilia  and  the  Natantia,  the  names  of  which  speak  for 
themselves. 

0BfXK9.  I.^SEasiLiA/ 

In  the  sessile  Rotifera  the  body  is  continued  into  a  longish  stalk,  which  is  attached, 
by  its  hinder  extremity,  to  some  aquatic  plant  or  other  object.  The  rotatory  organ,  in 
these  animals,  haa  generally  a  disc-like  form,  with  the  margin  more  or  less  notched. 
This  order  includes  two  families,  the  Fioseulariday  which  have  bent  spiniform  teeth  at 


Fig.  88.— Hydatina  Senta. 

,  rows  of  cilia ;  6,  muscles  of 
the  jaws ;  c,  stomach ;  d,  en- 
larged termination  of  the  in- 
testine ;  c,  anus ;  /,  salivary 
glands;  g,  ovaria ;  h,  dorsal 
vessel. 
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the  orifice  of  the  (saophagus ;  and  the  Megahtroehida,  in  which  that  organ  is  armed 
with  ribbed  plates  for  the  trituration  of  the  food. 

Obdbb  II. — ^Natantia. 

In  this  order,  which,  as  its  name  implies,  includes  the  firee  swimming  species,  the 
caudal  extremity  terminates  either  in  a  sucker-like  organ,  or  in  a  small  pair  of  forceps, 
by  means  of  which  the  animals  are  enabled  to  fix  themselTes  at  pleasure,  so  as  to  set 
their  rotatory  organs  in  action.  These  are  also  divided  into  two  fiunilies,  the  Folytroeha 
in  which  the  rotatory  organs  take  the  form  of  several  lobes  surrounding  the  anterior 
extremity  of  the  body ;  and  the  2^gotroeha,  which  possess  only  a  pair  of  ciliated  pro- 
cesses placed  on  each  side  of  the  mouth. 

Subdivision  II. — ^Abthbopoda,  ob  Teub  Abticvlata. 

General  Chajractem. — We  now  come  to  the  second  subdivision  of  the  Artieulata, 
in  which  the  division  of  the  body  into  segments  appears  with  great  distinctness.  This 
single  subdivision  contains  a  greater  number  of  species  than  aU  the  rest  of  the  animal 
kingdom  put  together ;  and  as  the  number  of  individuals  of  each  species  is  usually 
enormous,  the  part  assigned  to  them,  in  the  economy  of  nature,  iS,  in  spite  of  their  gene- 
rally insignificant  size,  by  no  means  an  imimportant  one.  They  swarm  in  every 
situation,  and  in  every  part  of  the  earth.  The  plants  and  trees  of  every  region  nourish 
myriads  of  insects ;  the  waters  are  everywhere  alive  with  them.  Their  existence  and  its 
effects  force  themselves  upon  our  notice  in  whatever  direction  we  turn ;  vegetation  is 
kept  in  check  by  their  ravages ;  our  own  persons  and  the  bodies  of  our  domestic  animals 
are  not  exempt  from  their  attacks;  whilst,  as  if  to  make  up  for  any  evils  they  may 
inflict  upon  our  race,  multitudes  are  constantly  at  work  in  the  removal  of  decaying 
matters,  which,  if  left  to  the  natural  progress  of  decomposition,  would  contaminate  the 
air  with  their  pestilential  effluvia.  Nor  are  they  without  some  species  that  are  of  direct 
service  to  mankind.  Many  species  of  Crustacea  are  reckoned  delicate  articles  of  food; 
the  Silk- worm,  the  Honey-bee,  and  the  Cochineal  insect,  furnish  us  with  valuable  pro- 
ducts ;  and  many  others  contribute  more  or  less  to  the  comfort  or  the  luxury  of  mankind. 

The  principal  general  characteristic  of  these  animals,  and  that  which  serves  at  once 
to  distinguish  them  from  those  of  the  preceding  subdivision,  consists  in  the  division  of 
the  body  and  limbs  into  numerous  distinct  rings  or  segments,  moveably  articulated 
together,  and  thus  forming  a  sort  of  external  skeleton,  which  not  only  protects  the 
internal  soft  parts,  but,  by  giving  firm  points  of  attachment  to  the  muscles,  enables  their 
movements  to  be  executed  with  much,  greater  rapidity  and  precision  than  those  of  the 
vermiform  classes.  In  a  few  species  (the  Myriapoda,  see  Fig.  3)  these  segments  (with  the 
exception  of  those  at  the  two  extremities),  like  the  indistinct  rings  of  the  Annelida,  are 
mere  repetitions  of  one  another,  each  segment  being  of  the  same  form,  and  bearing  the 
same  organs,  as  its  neighbour ;  but  the  complete  articulation  of  the  segments  both  of 
the  body  and  Umbs  in  these  animals  precludes  all  risk  of  their  being  confounded  witK 
the  members  of  the  lower  class.  In  the  majority  of  the  Arthropoda,  however,  some  of 
the  segments  are  always  developed  differently  from  the  others,  generally  giving  rise  to 
a  division  of  the  body  into  three  principal  regions,  the  Jiead,  thorax^  and  abdomen;  the 
appendages  sometimes  occurring  along  the  whole  series  of  segments  \  eometimes  being 
confined  to  particular  regions  of  the  body. 
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As  might  bo  expected,  from  their  increased  capacity  for  motion  and  enjoyment,  the 
amount  of  intelligence  possessed  by  these  animals  is  much  greater  than  in  any  of  the 
groups  to  which  our  attention  has  hitherto  been  directed ;  and  the  nervous  system,  of 
course,  exhibits  a  corresponding  advance.  The  general  conformation  of  these  organs 
has  already  been  described  (page  199,  Fig.  5) ;  and  we  have  seen  that,  in  the  highest 
forms  of  worms,  this  structure  is  distinctly  recognizable ;  but  in  the  present  group 
centralization  takes  place  to  a  much  greater  extent,  and  the  modifications  of  the  original 
type  are  sometimes  very  considerable.  As  a  general  rule,  it  may  be  observed  that,  in 
proportion  as  the  different  segments  of  the  body  resemble  each  other,  the  nervous  system 
approaches  the  original  type ;  but  that  it  deviates  more  and  more  from  the  typical 
structure  in  proportion  as  some  of  the  segments  preponderate  over  the  rest. 

The  appendages  of  the  segments  forming  the  head  are  converted  into  masticating 
organs ;  and  the  number  of  these,  of  course,  varies  with  the  number  of  segments  which 
may  be  supposed  to  form  that  region  of  the  body.  As  these  are  merely  metamorphosed 
limbs,  and  indeed  generally  exhibit  their  relationship  to  the  organs  of  motion  in  their 
articulated  structure,  it  is  evident  that,  like  the  true  limbs,  they  will  be  placed  in  pairs, 
one  on  each  side  of  the  middle  line  of  the  body ;  hence  their  action  is  always  horizontal, 
and  the  opening  of  the  mouth  may  be  considered  to  be  vertical.  The  head  is  also 
usually  furnished  with  one  or  more  pairs  of  jointed  organs,  called  antenna f  which 
evidently  act  as  organs  of  sense,  and  probably  have  different  functions  in  different 
groups.  Their  structure  often  futnishes  important  characters  for  the  discrimination  of 
the  minor  groups  into  which  these  animals  are  divided. 

Except  in  a  single  class  (the  Insects,)  the  segmentary  appendages  are  developed  only 
on  the  ventral  surface ;  but  in  these  other  appendages  they  are  also  articulated  to  the 
back,  forming  the  wings  with  which,  as  is  well  known,  those  animals  are  provided. 

Diirisions. — ^Numerous  as  these  animals  are,  they  maybe  divided  into  four  classes, 
and  these  are  generally  very  easily  distinguishable.  The  first,  the  Crttsiacsa  (Fig.  89), 
possess  antennae,  and  are  furnished  with  jointed  appendages  on  all  the  regions  of  the 
body.  Their  respiration  is  aquatic.  Some  of  them 
only  exhibit  the  distinguishing  characteristics  of 
the  class  in  their  earlier  stages.    The  second  class 


Fig.  89.--Sandhopper  (Talitms). 

containing  the  Spiders  {Araehnida^  Fig.  90),  is 
characterized  by  the  absence  of  antenn»,  by  ,the 
possession  of  four  pairs  of  limbs  attached  to  the 
anterior  portion  of  the  body,  which  consists  of  the  head  and  thorax  fused  together 
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He  third  dass,  the  Myriapoda  (see  Fig.  3),  contains  air- breathing  nniTnalw  furnished 
wiA  antennse,  with  appendages  on  all  the  segments  of  the  body ;  whilst  tJie  fonrfli, 
containing  the  innumerable  hosts  of  Insects  {InsectOy  Fig.  91),  is  characterized  by  its 


Fig.  91.— Stag  Beetle. 

aerial  respiration ;  by  the  division  of  the  body  into  three  very  distinct'  regions  (of 
which  the  middle  one,  the  thorax,  bears  three  pairs  of  jointed  legs,  and  usually  two 
pairs  of  wings) ;  and  by  the  possession  of  a  single  pair  of  jointed  antennso. 

Class  Y. — Crustacea. 

General  Cliaxactexs. — If  this  class  included  only  the  ordinary  weU-known 
forms,  such  as  the  Crab  and  Lobster  (Fig.  92),  and  their  allies,  there  would  be  little 
dif&culty  in  giving  it  an  exact  character,  which  should  apply  to  every  member  of  which 
it  is  cong)08ed ;  but  many  of  the  lower  forms  cannot  be  said  strictly  to  come  under  even 
the  brief  definition  given  above,  although^  in  the  earlier  stages  of  their  development 
they  agree  so  eacactly  with  some  of  the  most  highly  organized  animals  belonging  to  the 
class,  that  it  is  impossible  not  to  admit  them  into  the  same  category.  Our  description 
of  the  class,  as  a  whole,  must  consequently  be  liable  to  xaxay  exceptions. 

The  form  of  3£he  body  in  these  animals  is  exeessr^y  variable ;  it  is  usually  some- 
what spindle-shaped,  and  divided  into  a  series  of  distinct  rings,  articulated  together, 
and  allowing  of  a  considerable  amount  of  movement.  These  segments  are  sometimes  of 
nearly  equal  size,  and  famished  with  nearly  similar  appendages  -throughout  (Fig.  89). 
SometimM  a  few  of  the  segments  acquire  a  greater  degree  of  development  than  the  rest, 
and  the  organs  of  motion  are  confined  to  these,  whilst  the  appendages  of  the  other 
segments  ore  reduced  to  a  more  or  less  rudimentary  condition ;  and  in  the  higher  forms 
the  anterior  segments  become  fused  into  a  single  mass,  called  the  eephaloihorax  (Fig.  92), 
which  bears  the  mouth  and  organs  of  motion.  The  skin  is  generally  hardened  by  a 
calcareous  secretion,  constituting  a  complete  cutaneous  skeleton,  within  which  all  the 
soft  parts  of  the  body  are  inclosed ;  the  segments  are  united  by  a  thin  membrane 
which  gives  flexibility  to  the  whole  armour.    As  the  animal  has  no  power  of  adding  to 
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the  size  of  this  shell  to  make  room  for  its  increasing  growth,  it  casts  off  its  old  coat 


Fig.  92.— Spiny  Lobster  (Palinurua). 

at  stated  periods,  and  secretes  a  new  deposit  of  calcareooB  matter  oyer  its  entire 
surface. 

The  form  of  the  articulated  appendages  varies  exceedingly.  The  first  segment  of 
the  head,  which  is  occasionally  distinct  from  the  rest,  is  sometimes  provided  with  a 
pair  of  moTeable  stalks,  on  the  summit  of  which  the  eyes  are  situated ;  the  second  and 
third  segments  bear  the  antennse,  of  which  two  pair  are  usually  present.  These  organs 
generally  consist  of  a  long  tapering  series  of  short  joints,  supported  upon  two  or  three 
large  articulations,  similar  to  those  of  the  limbs,  which  enable  them  to  move  freely  in 
every  direction.  The  appendages  of  the  following  segments  are  generally  formed  into 
masticating  organs.  They  often,  however,  gradually  approach  the  true  limbs  in  their 
stmctnre ;  and  the  hindmost  pair  or  two  are  generally  denominated  foot-Jaws  by 
zoolog^iBts. 
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In  the  commoii  Cray-fish  (Figs.  93,  94)  six  pairs  of  these  appendages  are  present, 
of  which  the  three  last  are  considered  as  foot-jaws.  These  are  followed  by  the  legs,  the 
true  organs  of  motion,  which  are  also  attached  to  the  under  surface  of  the  thoracic 


-      A 


Fig.  93. 


Tig.  94. 


Fig.93.— Cray-Fish :  a  and  ft,  antennee ;  c,  eyeK ;  d,  organ  of  hearing :  «,  external  foot-jaws ;  /,  first 

^air  of  thoracic  memhers;  g,  fifth  pair  of  thoracic  members ;  h,  abdominal  false-legs ;  i,  tidl-fin ; 

j\  anus. 
Fig.  94.— Masticatory  Apparatus,  composed  of  six  pairs  of  appendages  :  a,  mandibles ;  b  and  c,  first 

and  second  pairs  of  maxillee ;  d  e  f,  three  pairs  of  foot-jaws,  gradually  approaching  the  form  of 

the  ordinary  limbs. 

segments,  or  of  the  cephalothorax  in  the  Crabs  and  their  allies.  The  number  of  these 
varies,  of  course,  with  the  number  of  thoracic  segments.  In  the  Cray-fish  and  Lobster 
(already  figured),  there  are  five  pairs  of  these  organs,  the  anterior  pair  being  often  de- 
veloped into  large  pincers ;  and  the  true  feet  are  often  followed  by  a  series  of  rudimentary 
abdominal  members,  which  sometimes  serve  to  protect  the  ova,  when  these  are  carried 
under  the  tail,  and  sometimes  bear  external  branchise.  By  means  of  these  limbs  many 
of  the  Crustacea  are  enabled  to  run  with  great  swiftness,  whilst  others  have  the 
extremities  flattened  so  as  to  form  fin-like  organs.  Many  bury  themselves  with  great 
rapidity  in  the  sand,  by  the  action  of  the  feet,  at  the  [approach  of  danger ;  and  the 
species  Aimished  with  pincers  make  use  of  these  often-formidable  weapons  both  to 
seize  their  prey  and  to  attack  their  enemies. 

The  nervous  system  of  the  Crustacea  always  consists  of  a  series  of  ganglia  running 
along  the  ventral  surface  of  the  body,  united  to  each  other,  and  to  a  cephalic  ganglion 
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or  brain,  by  a  pair  of  nervous  filaments,  and  giving  off  nerves  to  the  various  organs  in 

their  neighbourhood.     The  development  of  these  ganglia,  however,  often  varies  greatly 

in  different  segments ;  for,  although  in  the  more  uniformly  articulated  forms  the  ganglia 

^  axe  nearly  equal  in  size,  those  in  which 

the  thoracic  segments  are  amalgamated 
have  the  whole  of  the  nervous  centres 
of  these  segments  fused  into  a  single 
mass,  from  which  nerves  are  given  off 
in  every  direction  (Fig.  95).  The 
I'u  cephalic  ganglion  is  always  situated 
above  the  cesophagus,  and  furnishes 
nerves  to  the  organs  of  the  senses. 
These  are  the  eyes,  the  antennse,  and  in 
many  cases  organs  of  smell  and  hear- 
'     ing. 

The  eyes  present  very  different  de- 

!i_p  grees  of  development  in  the  different 

orders  of  Crustacea.     The  lower  forms 

fid!  1  .        1  .    . 

possess  only  sunple  eyes,  containing 
a  single  lens,  surrounded  by  a  mass  of 
pigment,  and  receiving  a  single  nervous 
filament.    Many  of  the  lower  Crustacea 


Fig.  95.— Nervous  system  of  Crab  (ifaia). 


CO,  upper  part  of  the  shell  laid  open;  «,  antennsB ;  y,  possess  only  one  of  these  organs,  which 
eyes;  c,  stomach;  c,  cephalic  ganglion;  no,  optic  f  ^,  i  j  •  xi,  -jji  ^x-l  i.  j 
nerves ;  co,  (Esophageal  collar ;  na,  stomato- gastric  is  tnen  placed  m  tne  midcue  oi  tne  nead. 
nerves;  f,  thoracic  ganglionic  mass ;  «i>,  nerves  of  In  others  a  number  of  these  eyes  are 
the  legs ;  na,  abdominal  nerve.  ... 

brought  together  at  a  single  point ;  but 

each  eye  is  still  distinctly'recognisable,  furnished  with  its  own  lens,  surrounded  by  its 
own  pigment  spot,  and  receiving 
its  own  branch  of  the  optic 
nerve.  In  the  highest  Crusta- 
cea the  visual  organs  become 
true  facetted  'compound  eyes, 
similar  to  those  of  insects ;  and 
these  are  often  supported  upon 
a  footstalk,  which  is  sometimes 
of  considerable  length  (Fig. 
96). 

The  organs  of  hearing  (which 
are  probably  conunon  to  aU  the 
Crustacea,  although  they^have 
been  investigated  principally  in 

the  highest  order)  are  situated  cl^se  to  the  base  of  the  long  external  antennae.  In  the 
Cray-fish  (Fig.  93),  they  have  the  form  of  a  cylindrical  hollow  process,  which  is  closed 
internally  by  a  thin  membrane,  or  drum.  Behind  this  is  a  vesicle  filled  with  fluid^ 
which  receives  the  termination  of  a  particular  nerve.  The  organs  of  smell,  which  have 
been  observed  principally  upon  the  Crabs,  are  in  the  form  of  cavities  situated  at  the 
base  of  the  inner  pair  of  antennae,  and  lined  with  a  mucous  membrane.  The  external 
orifice  of  these  cavities  is  surrounded  by  fine  bristles — no  doubt  to  exclude  in- 


Fig.  96.— Podophthalmns. 
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junous  particles  from  the  interior.    Tbe  anteimse  appear  to  "be  principally  organa  of 
touch ;  in  many  cases  they  are  employed  as  natatory  organs. 

The  digestiye  canal  in  the  Crustacea  generally  exhibits  a  high  degree  of  develop- 
ment. It  run^  from  the  mouth  to  the  posterior  extremity  of  the  body,  and  consists  of 
a  very  short  oesophagns,  opening  into  a  large  stomach,  which  is  often  armed  with  rows 
e       m  as  t 


/  »         r 

Fig.  97.— Anatomy  of  a  Crab ;  the  greater  part  of  the  carapace  having  been  removed. 
p,  portion  of  its  lining  membrane;  c,  heart;  o«,  opthalmic  artery;   aa,  abdominal  artery;  6, 
branchiee  in  their  natural  position ;  6\  branchiae  turned  back  to  show  their  vessels;  Jl,  lower 
portion  of  the  shell ;  /,  appendage  of  the  foot-jaw ;  e,  stomach;  m,  muscles  of  the  stomach; 
foy  liver. 

of  teeth ;  frost  this  an  intestine  runs  to  the  anal  opening.  The  liver  is  generally  of 
large  size. 

The  respiratoiry  organs  consist  of  branchiae  of  various  forms,  sometimes  attached  to 
the  abdominal  m/embera,  sometimes  inclosed  within  a  cavity  on  each  side  of  the  cephalo- 
thorax,  in  and  out  of  which  thfe  water  passes  by  two  openings.  Circulation  is  effected 
by  means  of  a  regular  system  of  vessels ;  the  heart  consists  of  a  single  contractile 
cavity,  situated  in  the  middle  line  of  the  back ;  the  arteries,  in  the  higher  forms  at 
least,  are  closed  tubes ;  but  the  venous  blood  passes  back  through  spaces  lef i  between 
the  organs  of  the  body,  until  it  reaches  peculiar  cavities  situated  at  the  bases  of  the 
legs  (Fig.  98),  whence  it  passes  into  the  branchiae,  and  thence,  when  aerated  by  contact 
with  the  water,  through  proper  vessels  to  the  heart. 

With  the  exception  of  a  single  order,  the  Crustacea  are  all  unisexual  animals.  Their 
^production  always  takes  place  by  ova,  which  arc  generally  attached  to  the  tail  of  the 
female  for  some  time  after  exclusion.  Indeed,  in  some  species,  the  eggs  are  hatched  in 
this  position,  and  the  young  continue  for  a  certain  period  to  shelter  themselves  beneath 
the  body  of  the  mother.  Their  development  presents  many  curious  phenomena.  In 
some  species  the  young  leave  the  egg  in  very  nearly  the  same  form  that  they  are  to 
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retain  through  life ;  whilst  in  othera,  nearly  allied  to  these,  the  young  animal  at  ita 
fiist  coming  into  the  world  has  a  fonn  so  totally  distinct  &om  that  which  it  is  destined 
to  assume,  that  nothing  but  absolute  observation  could  lead  to  a  suspicion  of  ita  true 
parentage  (Fig.  99).    So  different,  in  fact,  is  ^  appearance  of  the  young  of  many  of 


h    ve    c     f 


Fig.  98.^Vertical  section  of  a  Crustacean,  showing 
the  coarse  of  the  blood. 

c,  heart ;  8,  venous  sinus ;  va,  vessels  conducting  the 
venous  blood  to  the  gills  ;  f  e,  vessels  -vrhich  collect 
the  aerated  blood  from  the  capillaries  of  the  gills  ; 
t?6,  branchiocardac  vessels ;  /,  carapace ;  st,  sternum. 


Fig.  99.--Early  form  of  Crab 
{Zoea), 


the  Ormtaeea  from  that  of  the  mature  animals,  that  before  the  connexion  between 
them  was  discovered  several  species,  and  even  genera,  were  established  upon  these 
embryonic  forma.  It  is  singular  that  this  metamorphosis  tates  place  amongst  both. 
the  highest  and  the  lowest  members  of  the  Crustacea ;  and  that  some  of  the  latter,  in 
which,  in  the  mature  state,  most,  if  not  all,  the  ordinary  characteristics  of  the  class 
completely  disappear ;  yet,  in  their  earlier  stages  of  development,  exhibit  the  most 
perfect  resemblance  to  the  most  highly  endowed  of  their  relatives. 

Divisions.— The  immense  number  and  variety  of  Crustaceous  animals  necessi- 
tates, as  might  be  expected,  a  corresponding  multiplicity  of  subordinate  divisions. 
Five  principal  groups,  or  sub-classes,  may  be  recognised.  Of  these,  the  first,  the 
Cirrhopoda,  is  composed  of  animals  which,  until  the  history  of  their  development  was 
known,  were  always  ranged  by  naturalists  amongst  the  Mollmca,  When  mature,  they 
are  always  attached  to  submarine  bodies.  Their  bodies  are  inclosed  in  a  shell  composed 
of  several  calcareous  plates,  from  an  opening  in  which  they  protrude  a  bundle  of  arti- 
culated cirri. 

The  Untomostraca,  forming  the  second  sub-class,  are  generally  of  small  size,, 
covered  with  a  delicate  skin,  and  usually  protected  by  a  broad  shield  or  a  sort  of  bivalve 
shelL  The-branchise,  when  present,  are  attached  to  the  feet,  which,  with  the  antennae, 
are  generally  furnished  with  bristles,  that  render  them  efficient  organs  of  locomotion* 
Many  of  them,  when  full  grown,  attach  themselves,  as  parasites,  to  the  bodies  of  other 
aquatic  animals ;  and  these  frequently  lose  all  resemblance  to  the  other  members  of  the 
class.  The  animals  of  the  third  sub-class,  the  Xyphosura^  are  covered  with  a  hard 
calcareous  carapace,  and  the  tail  forms  a  long,  sword-shaped  spine.  The  mouth  is 
furnished  with  no  jaws,  and  the  operation  of  mastication  is  performed  by  the  basal 
joints  of  the  true  feet.    The  fourth  sub-class,  the  Fodophthalmata,  is  at  once  distin- 
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Tig.  lOO.— Shell 
of  the  Barnacle. 


Fig.  101.— Body  of  the 
Barnacle. 


guishcd  by  the  pedunculated  eyes  and  amalgamated  thoracic  segments  of  the  animals 
composing  it ;  whilst  those  of  tiie  fifth,  the  Edricphthalmata,  on  the  contrary,  have  the 
eyes  sessile,  and  the  thoracic  segments  distinct.  These  sub-clssses  are  again  divided 
into  orders,  to  which  we  must  advert  as  briefly  as  possible. 

Sub-Class  and  Order  I. — Cirrhopoda. 
General  Characters. — The  first  sub-class  includes  only  a  single  order.    They 
are  all  marine  animals,  which,  when  mature,  attach  themselves  to  rocks  or  other  sub- 
marine objects ;  the  common  Barnacle,  perhaps 

the  best  known  example  of  the  order,  generally 

selecting  floating  objects  for  this  purpose,  and 

frequently  covering  the  bottoms  of  ships  to  such 

an  extent  as  even  to  impede  their  progress 

through  the  water.    The  bodies  of  these  ani- 
mals are  soft,  and  inclosed  in  a  case  composed 

of  several  calcareous  plates ;  they  formed  part 

of  the  group  of  tmUtivalve  sliells  of  the  older 

conchologists.     The  limbs  are  converted  into  a 

tuft  of  jointed  cirri,  which  can  be  protruded 

through  an  opening  in  the  sort  of  mantle  which 

lines  the  interior  of  the  shell.     The  cirri  are 

twelve    in  number,   and  beset  with  bristles. 

When  the  animal  is  alive  they  may  be  seen  in 

continual  motion,  exserted  and  retracted  every 
moment  in  search  of  prey.    The  intestinal  canal  is  complete,  furnished  with  a  mouth 
and  an  anal  opening ;  and  the  nervous  system  exhibits  the  usual  series  of  ganglia, 
which  we  have  seen  to  be  characteristic  of  the'arti- 
culate  type.     The  head  is  marked  only  by  the  posi- 
tion of  the  mouth,  which  is  armed  with  a  pair  of 
jaws ;  but  all  traces  of  any  of  the  organs  that  we 
are  accustomed  to  see  at  this  part  of  the  body  have 
completely  disappeared. 

In  their  very  earliest  days,  however,  these  crea- 
tures are  by  no  means  so  ill  provided ;  they  are  then 
furnished  with  eyes,  antennae,  and  limbs,  and  are  as 
active  as  any  of  the  minute  denizens  of  the  sea.  It 
is  only  after  a  certain  period  of  wandering  that  they 
fix  upon  a  place 
of  rest,  —  fix 
themselves,  and 
become  res- 
pectable house- 
holders. All 
these  animals 
are  hermaphro- 
dites ;  but,  according  to  the  researches  of  Mr.  Darwin,  active  individuals,  which  he 
calls  complementary  malesj  are  produced  at  certain  periods,  to  assist  in  the  impregnation  of 
the  ova  of  the  hermaphrodite  individuals. 


Fig.  102.— Young  of  Cirrhopoda. 
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I        DiTisioiui.— The  CirrJiopoda  are  divided  into  two  families.      In  the  first,  the 
j  Lepadida,  or  Barnacles  (Fig.  103),  the  animals  are  attached  to  their  resting-place 

hv  a  flexible  stalk,  which  possesses  great 
contractile  power.  The  shell  is  usually 
composed  of  two  triangular  pieces  on  each, 
side,  and  is  closed  by  another  elongated  piece 
at  the  back,  so  that  the  whole  consists  of 
five  pieces.  The  young  of  the  Barnacles 
usually  present  the  appearance  represented 
in  Fig.  102  d. 

The  second  family,  the  Bdlanid<;s^  or  Sea 
Acorns     (Fig.  104),    includes     the    sessile 


Fig.  103.— Group  of  Barnacles, 


Fig.  104.--Balanu3. 


Fig.  105.— ShcU 
of  Bulanus. 


species,  whoso  curious  little  habitations  may  constantly  be  met  with  upon  the  rocks  of 
the  sea-shore,  and  not  unfrequently  upon  many  species  of  marine  shells.  The  shell 
(Fig.  105)  forms  a  short  tube,  ^usually  composed  of  six  segments  firmly  united  together. 
The  lower  pait  of  this  tube  is  firmly  fixed  to  the  object  on  which  the  Balanus  has 
taken  up  its  abode;  whilst  the  superior  orifice  is  closed  by  a  moveable  roof,  composed 
of  from  two  to  four  valves,  between  which  the  little  tenant  of  this  curious  domicile  can 
protrude  his  delicate  cirri  in  search  of  nourishment.  In  their  young  state  the  Balanida 
resemble  the  following  group,  the  Entomostraca  (Fig.  102  «). 

Sub-Class  II. — ^Entomosteaca. 
General  Chazactezs. — The  Entomostraca,  in  general,  present  the  characters  of 
the  class  of  which  they  form  a  part  much  more  distinctly  than  the  Cirrhopoda,  although 
many  of  them,  in  their  mature  or  reproductive  state,  diverge  immensely  from  the  typical 
form  of  the  class.  They  are  generally,  especially  in  their  earlier  stages,  provided  with 
distinctly  articulated  limbs  and  antennae,  which  are  usually  furnished  with  bristles,  and 
employed  as  natatory  organs. 

Ordeb  II. — ^Farasita. 

General  Characters. — ^This  order  is  composed  of  numerous  small  animals,  which, 

in  theiryoung  state,  are  furnished  with  distinct  jointed  limbs,  antennae,  and  eyes,— organs 

which  either  disappear  completely,  or  become  greatly  modified  as  the  animad  approaches 

maturity,  when  it  attaches  itself  to  fishes  or  other  aquatic  animals,  and  passes  the 
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remainder  of  its  existence  as  a  parasite.  In  their  mature  state,  the  Farasita  often 
present  the  most  extraordinary  forms;  and  in  their  appearance  and  habits  they  bear  so 
little  resemblance  to  the  other  Crustacea,  that  it  was  not  until  the  history  of  their 
deyelopment  was  inyestigated,  that  their  intimate  connexion  with  that  class  of  arti- 
culate animals  was  ascertained.  Until  yery  recently,  zoologists  considered  them  to  be 
nearly  allied  to  the  Flatyelmui,  in  conjunction  with  some  of  which thsy  were  formed  into 
a  class  called  Ejfizoa  (Gr.  epi  upon,  zoon  animal),  &om  their  habits  of  external  paraffltism. 
They  are  yery  common  on  the  bodies  of  fishes,  generally  attacking  the  braaichieB,  but 
not  unfrcquently  attaching  themselyes  to  the  soft  skin  undBir  the  fins,  or  ta  tha  eyes, 
to  the  great  inconyenience  of  their  unfortunate  yictim. 

Divisions. — These  ajiimals  form  seyeral  families,  to  some  of  which  we  shaQ'  briefly 
refer.  The  family  Lem(sid<B  exhibits  the  greatest  amount  of  degradation  in*  ita  mature 
state.  The  animals  composing  it  consist  of  a  more  or  less  elongated  sac-Iifce  body  (Fig. 
106),  bearing,  at  its  anterior  extremity,  a  proboscis,  tiirough  which  they  suck  the  jmces 
of  their  yictim,  and  a  pair  of  modified  legs,  by  which  they  maintain  their  position  upon 
its  surface.  They  also  frequently  possess  a  pair  of  foot-jaws,  which,  however,  are  no 
longer  connected  with  the  mouth,  but  serve  as  additional  prehensile  organs.     The 


^^ 


Fig.  106.  Fig.  107.  Fig.  108.  Fig.  109. 

Fig.  106. — Female  Lerntea.    o,  proboscis ;  b,  thoracic  segment,  bearing  the  legs,  c,  which  are  united 

at  their  extremities  by  a  sucker,  /;  d^  abdomen  ;  e,  ovisacs. 
Fig.  107.— Young  of  Lemsoa. 
Fig.  108.— Caligus. 
Fig.  109.— Under  side  of  Caligus.    a^  carapace ;  6,  antennae  ;  c,  sucker ;  d  e,  jaws  \  fgh,  foot-jaws ; 

»,  a  forked  central  appendage  \  j  klm,  legs ;  w,  second  segment ;  p,  abdomen ;  ff,  fins ;  r,  tubes. 

proboscis  is  usually  buried  in  the  substance  of  the  unfortunate  host,  whose  delicate 
vessels  are  wounded  by  a  pair  of  pointed  organs  which  it  contains.  .  The  young  of  the 
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Lnrnaidm  (Fig.  107)  are  exactly  like  those  of  the  next  order  of  EntotnoatraeOy  the 
Oopep&da. 

In  the  DteheMida  the  body  is  more  distinctly  annulated,  and  the  anterior  segment 
bears  four  antennsB,  of  which  one  pair  is  slender  and  thread-like,  whilst  the  others  are 
stout,  and  furnished  with  a  claw>like^extremity,  serving  as  a  prehensile  organ.  In  the 
Candida  (Figs.  108, 109)  the  structure  is  much  more  complicated;  the  body  is  divided  into 
two  parts,  of  which  the  anterior,  which  is  by  far  the  largest,  and  is  covered  by  an  oval 
carapace,  bears  two  pairs  of  antennse,  a  sucker,  three  pairs  of  foot-jaws,  and  four  pairs 
of  thoracic  legs— three  formed  for  swimming,  and]one  forValking.  The  abdomen  consists 
of  a  small  lobe  at  the  apex  of  the  second  segment.  It  bears  a  pair  of  small  fin-like 
appendages ;  and  from  each  side  of  its  base  springs  a  long  tube,  which  apparently 
serves  as  an  ovisac. 

In  the  ArgulicUB,  one  species  of  which,'^the  Argulus  foliaceus  (Fig.  110),  is  very 
common  upon  various  fresh-water  fishes,  the  body  is  of 
much  the  same  general  form  as  in  the  CaligidcBy  and  the 
anterior  segment  is  in  like  manner  covered  by  a  large 
carapace.  The  second  pair  of  foot-jaws  is  here  converted 
into  a  pair  of  curious  sucking  discs  (Fig.  110, 2),  by  which 
thecreature  adheres  to  any  object.  Betweenthese  the  jointed 
rostrum  takes  its  rise.     The  four  pair  of  thoracic  legs  are  -, 

Mnged  with  bristles,  and  converted  into  powerful  natatory  -^  no.— Argulus  FoUaceus. 
organs,  by  means  of  which  the  Argulus  swims  about  with  1,  the  animal  magnified;  2, 
great  rapidity.  UnHke  the  other  parasites,  it  does  not  ?JSdSg.feet ;  ^Te  ros^S^ 
remain  constantly  attached  to  its  victim,  but  only  adheres  4,  natural  length, 
to  it  while  actually  engaged  in  sucking.  It  possesses  no  ovisacs,  and  the  eggs  are 
deposited  upon  aquatic  plants. 

OrDEB,  III. — COPEPODA. 

These  animals  present  the  closest  affinity  with  those  of  the  preceding  order,  par- 
ticularly in  their  earlier  stages.  They  are  minute  animals,  with  the  body  divided  into 
distinct  segments,  of  which  the  anterior  (forming  the  cephalothorax)  bear  two  pairs  of 
antennae,  one  or  two  eyes,  the  mouth,  with  its  jaws,  and  two  pairs  of  foot-jaws.  The 
five  following  segments  bear  a  similar  number  of  pairs  of  feet,  furnished  with  bristles. 


Fig.  111. — Larva  of  the  Cyclops. 


Fig-.  lllT-Cycioftw 


and  adapted  for  swimming ;  and  the  remainder,  constituting  the  abdomen,  form  a  sort 
of  jointed  tail,  terminated  by  a  tuft  of  bristles.  They  appear  to  possess  no  distinct 
respiratory  organs ;  and  the'ova  are  carried  in  sac-like  organs  attached  to  the  abdomen 
of  the  mother.  These  animals  occur  in  countless  swarms  in  all  waters,  whether  salt  or 
fresh ;  and,  minute  as  they  are,  one  species  is  said  to  constitue  the  principal  food  of  the 
Antarctic  Whale. 
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OSTRACODA— PHYLLOPODA. 


Fig.  113.— Cypris 
Vidua,  magnified. 


Fig.  114.— Polyphemus  Stag- 
norum. 


The  best  known  form  is  the  genus  Cyclops  (Fig.  112),  specimens  of  which  may  be 
found  in  every  stagnant  pool ;  it  is  the  type  of  the  family  CyclopidtB^  characterised  by  the 
possession  of  a  single  eye.     In  the  Cetoekilida  there  are  two  of  these  organs. 

Order  IV.—- Ostracoda. 
General  Clraractezs.— In  this  order,  composed  of  animals  generally  of  very 
minute  size,  the  body,  which  strongly  resembles  that  of  the  Copepoda^  is  always 
inclosed  in  a  Httle  bivalve  shell,  the 
feet  and  antennaa  being  protruded 
between  the  lower  edges  of  the  valves. 
These  little  shells  so  closely  resemble 
those  of  minute  bivalve  MoUusca, 
that  those  of  some  of  the  larger 
species  have  actually  been  described 
by  conchologists  as  the  coverings  of 
animals  belonging  to  that  class.  The  antennsB  are  often  curiously  branched ;  and  the 
hmder  extremity  is  usually  produced  into  a  sort  of  tail,  which  is  seen  in  constant  action 
when  the  animal  is  in  motion. 

Divisions.— This  order  forms  two  families— the  Cyprida,  in  which  the  body  is 
entirely  inclosed  within  the  shell,  of  which  the  genus  Cypris  (Fig.  113)  is  an  example  ; 
and  the  Baphniadce,  in  which  the  head  is  protruded  beyond  the  shell.  In  the 
Polyphemus  (Fig.  114),  belonging  to  this  group,  the  head,  which  is  large,  is  almost 
entirely  occupied  by  an  enormous  eye,  giving  the  creature  a  most  singular  appearance. 
Order  V. — Phyllopoda. 
General  Characters.— In  this  order  we  meet  with  animals  generally  of  larger  size 
than  those  comprised  in  the  preceding  groups.  They  consist  of  a  considerable  number 
of  segments,  furnished  with  foliaceous  feet,  serving  both  as  natatory  and  respiratory 
organs.  Some  of  them  are  covered  by  a  carapace  or  a  bivalve  shell,  whilst  others  are 
destitute  of  this  protection.  The  head  is  usually  quite  distinct  from  the  following 
segment,  and  bears  two  large  eyes  and  two  pairs  of  antennsD,  which  are  often  of  very 
singular  forms.     The  mouth  is  furnished  with  jaws. 

Divisions — This  order  is  divided  into  two  families.     In  the  first,  the  Apodida, 

the  body  is  protected  by  a  ca- 
rapace, which  often  takes  tho 
form  of  a  bivalve  shell.  The 
animals  are  frequently  of  con- 
siderable size ;  and  the  nfumber 
of  feet  in  the  typical  genus 
Aptis  (Fig.  116),  is  as  great  as 
sixty  pairs.  A  singular  cir- 
cumstance, connected  with  this 
animal,  is  that  it  sometimes 
makes  its  appearance  in  great 
numbers  in  ponds  that  have 
been  dry  for  some  time,  as  soon 
as  they  arc  filled  up  by  heavy  rains.  In  the  genus  Apus  the  carapace  is  one  piece, 
completely  inclosing  all  the  anterior  portion  of  the  animal.  In  the  Zimnadia  (Fig. 
115),  also  belonging  to  this  family,  it  forms  a  sort  of  bivalve  shell. 


Fig.  115.— Liranadia. 


Fig.116. 
A  pus  Montagu. 
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Fig.  117.— Branchipus  Stagnalis. 


Fig.  119.  — Calymene 
Blumenbachii. 


The  second  family  includes  the  naked  species,  or  those  which  are  not  provided  with 

a  carapace.     They  are  called  Branehipodida,  from  the  name  of  the  typical  genus, 

Branchipus  (Fig.  117),  an  animal  which  is  often  found  after  heavy  rains  in  cart  ruts 

and  other  small  pools.     Another  species,  the  Artemia  salina  (Fig.  118)  inhabits  a  stUl 

more  curious  situation,  namely,  the  salt  pans 

at  Lymington,  where  it  is  usually  found  in 

those  pans  in  which  the  evaporation  of  the 

water  has  proceeded  to  a  considerable  extent. 

'     This  is  also,  probably,  the  proper  position 

for  a  singular  order  of  fossil  Crustacea,  the  well-known  Trilohites  {Trilohita),  of  which 

vast  numbers  occur  in  some  of  the  earlier  strata  of  the  earth's 

crust.  Their  general  form 
is  well  shown  in  the  an- 
nexed figure  of  Calymene 
Blumenbachii ;  they  posses- 
sed well  formed,  compound, 
facetted  eyes,  which  arc 
frequently  well  preserved 
in  the  fossil  state.  The  body 
is  usually  divided  into  three 
regions,  of  which  the  first 
and  last  are  commonly  in 

Fig.  llS.-Artemia  Salina,  in  diflferent  the    form   of    semicircular 
stages  of  growth.  ,  .,        ,  .     , 

plates,  wmlst  the    middle 

portion  exhibits  distinct  segmentation,  and  by  its  flexibility  enabled  the  animal  to 

double  itself  up  in  the  manner  of  the  common  "Woodlouse.     These  animals  are  now 

quite  extinct,  although  during  the  period  of  the  deposition  of  those  ancient  strata  in 

which  their  remains  are  found,  they  were  almost  the  only  representatives  of  the  class 

Crustacea, 

Subdivision  III. — Xyphosxjra. 
This  subdivision  includes  only  a  single  order  : .' 

Order  Xyphosura. 
•'     The  order  Xyphosura  consists  only  of  a  single  genus,  the'Zt»i«?i,  or  King-Crabs 
(Fig.  120),  which,  from  the  locality  inhabited  by  the  commonest  species,  are  frequently 
termed  Molucca  Crabs,    They  are  amongst  the  largest  of  crustaceous  animals,  sometimes 
measuring  as  much  as  two  feet  in  length. 

The  body  of  these  animals  is  composed  of  two  divisions — an  anterior,  crescent-shaped 
piece  (<?,  Fig.  120),  or  carapace,  inclosing  the  cephalothorax  with  its  organs ;  and  a 
posterior,  somewhat  hexagonal  piece,  formed  by  the  coalescence  of  the  abdominal 
segments.  From  the  posterior  extremity  of  this  second  division  of  the  body  projects  a 
long,  spine-like  tail,  which  exhibits  no  trace  of  segmentation.  The  upper  surface  of 
the  body  is  very  convex ;  the  lower  surface,  on  the  contrary,  is  very  concave  in  the 
middle,  forming  a  hollow,  in  which  the  feet  are  lodged. 

The  upper  surfEu^e  of  the  carapace  is  marked  by  three  ridges  (see  Fig.  120) ;  the 
middle  terminates  anteriorly  in  a  smaU  tubercle,  on  each  side  of  which  is  a  minute 
simple  eye ;  but  the  creature  is  also  furnished  with  true  compound  facetted  eyes,  placed 
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one  on  each  Bide,  on  the  outside  of  the  two  lateral  ridges.  Three  sides  of  the  abdominal 
plate  are  confined  within  the  postenor  margin  of  the  carapace ;  of  tbe  others,  imo  ore 
notched  and  famished  with  moveable  plumose  spines,  and  the  caudal  spine  is  capaMe 
of  motion  in  eyery  direction.  The  mouth,  which  is  situated  near  the  middle  of  the 
lower  surface,  is  completely  destitute  of  true  jaws ;  but  the  basal  joints  of  the  fiye  pajjps 


M^V 


Fig.  120.— Limulus. 


Fig.  121.— Under  surface  of  Limoltis. 


of  legs  (by  Fig.  121),  which  are  attached  close  to  the  buccal  aperture,  are  armed  with 
homy  spines,  forming  very  efficient  organs  of  mastication,  whilst  their  extremities, 
being  converted  into  prehensile  claws,  are  employed  in  the  conveyance  of  food  to  the 
mouth.  Immediately  in  front  of  the  mouth  are  placed  a  pair  of  short  joanted.ant^mffi 
(c,  Fig.  121),  which  also  bear  a  small  pair  of  forceps  at  tt^  extremity. 

The  concavity  of  the  abdominal  plate  is  occupied  by  six  pairs  of  fin-shaped  abdomi- 
nal feet  {ab,  Fig.  121),  of  which  five  pairs  are  furnished  with  branchise,  whilst  the  first 
pair,  which  is  destitute  of  those  organs,  forms  a  sort  of  cover  for  Hie  rest.  The  anal 
opening  is  situated  close  to  the  base  of  the  caudal  spine. 

These  singular  animals,  which  appear  to  be  most  nearly  allied  to  tiie  PhyllopodoBS 
Entomostraea — but  which  also  in  many  points,  especially  in  the  structure  of  their  eyes, 
approach  the  true  Crabs — are  found  in  a  very  limited  area ;  they  occur  only  on  the 
shores  of  tropical  Asia,  the  Asiatic  Islands,  and  on  the  western  coasts  of  treiacal 
America.  The  young  closely  resemble  their  parents,  except  that,  at  their  first  escape 
from  the  egg,  they  possess  only  two  pairs  of  branchial  feet,  and  are  quite  deatitute  of  a 
tail. 
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&DB-GLA86   lY. — GGdBIOPSIKALMATI.. 

Genezal  Chazactezs — ^The  aTiimalfl  belonging  to  this  sub-class  baye  the  bead 
distinct  from  the  thoracic  segments,  which  are  also  separate,  and  never  amalgamated 
into  a  single  mass  (the  so-called  cep?talothorax),  which  occurs  so  generally  in  the  other 
Crustacea.  The  head  always  bears  a  pair  of  eyes,  which  are  never  pedunculated ;  they 
usually  consist  of  a  number  of  simple  eyes  crowded  together  into  one  spot,  although 
some  species  possess  regular  compound  eyes.  The  mouth  is  furnished  with  jaws,  and 
with  a  single  pair  of  foot-jaws ;  and  these  are  usually  followed  by  seven  pairs  of  legs, 
to  which  the  branchial  organs  are  attached. 

Divisions,— The  JEdnophthalmata  form  three  orders,  characterized  principally  by 
the  structure  of  the  feet  and  abdomen.  In  the  first,  the  Zamodtpoda,  the  abdomen  is 
rudimentary,  or  in  the  form  of  a  minute  tubercle  without  appendages ;  in  the  Amphi- 
poda,  the  abdomen  is  well  developed,  and  furnished  with  limbs,  but  the  branchial  organs 
are  confined  to  the  thoracic  legs ;  whilst  in  the  Isopoda  the  abdominal  legs  ajjpear  to  be 
the  organs  of  respiration. 

OrDEB  L.EMODIPODA. 

Cl«tteial  Chaxaotera. — These  animals  are  at  once  distinguishable  by  their  rudi- 
mentary abdomen,  which  usually  forms  a  very  inconspicuous  part  of  their  bodies. 
The  head  is  small,  famished  with  four  antennae,  and  usually  bears  the  first  pair  of 
legs ;  the  mouth  is  armed  with  well-developed  jaws,  and  with  a  pair  of  foot-jaws 
bearing  long  palpi.  Of  the  seven  pairs  of  legs  usually  present,  two  are  sometimes 
wanting— their  places  being  taken  by  small  tubercles  or  vesicles  connected  with  the 
process  of  respiration ;  this  change  usually  takes  place  on  the  third  and  fourth  segments, 
and  similar  vesicles  also  occur  on  -the  second  and  third.  The  legs  of  the  first  and 
second  pairs  are  terminated  by  a  raptorial  grasping  organ  similar  to  that  of  the  well- 
known  Maniisy  or  Praying  insect ;  the  others  are  usually  armed  with  sharp  moveable 
hooks.  The  ova  are  received  into  a  sort  of  pouch,  formed  of  several  leaves,  which  are 
attached  to  the  footiess  segments. 

Sivisions* — This  curious  littie  order  includes  only  two  families.  The  Ct/amidaef 
or  WTiaMice  (Fig.  122),  which  infest  the  different  species  of  cetaceous  Mammalia,  form 


Fig.  122.— Caprella  Phasma.  Fig.  123.— Whale-Louse  (CyamuB  Balaenaram.) 

the  first  of  these.  They  have  a  broad  body,  with  a  small  head,  and  a  pair  of  large 
jointed  antennae.  The  other  antennae,  and  the  first  pair  of  legs,  are  very  smaU; 
but  the  second  pair  are  of  large  size,  and  very  powerful.  The  legs  of  the  third  and 
fourth  segments  are  converted  into  long  tubular  branchial  vesicles ;  but  those  of  the 
last  three  segments  resemble  the  second  pair  in  their  strength,  and  in  the  sharpness  of 
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theit  claws.    These  animals  often  infest  the  whales  in  such  vast  numbers  that  their 
yictim  may  be  recognized  at  a  distance  by  the  whitish  tint  of  his  skin. 

In  the  second  family,  the  CaprellidcB,  all  the  proportions  of  the  body  are  reversed ; 
instead  of  being  broad  and  flat,  it  is  long,  slender,  and  nearly  cylindrical,  and  the  limbs 
undergo  a  corresponding  extension  in  the  same  direction.  The  antennae  are  frequently 
of  considerable  length ;  and  the  two  first  pairs  of  feet  exhibit  a  striking  resemblance 
to  those  of  the  Mantis,  One  genus  has  all  the  segments  f  iimished  with  legs ;  in  another 
(Fig.  123),  the  third  and  fourth  bear  small  vesicular  organs  in  place  of  limbs. 

Obder  Amphipoda. 

General  Chaxactexs.— This  order  also  consists  of  animals  mostly  of  small  size, 
none  of  them  exceeding  two  inches  in  length.  They  usually  live  free  in  the  water  or 
burrow  in  sand ;  a  few  species  are  parasitic  on  fishes.  The  head  is  completely  separated 
from  the  first  thoracic  segments,  and  usually  bears  four  antennae,  which  are  sometimes 
of  considerable  length.  The  mouth  is  furnished  with  jaws  and  a  pair  of  foot-jaws. 
The  thorax  consists  of  six  or  seven  segments,  each  bearing  a  pair  of  legs,  which  are 
usually  furnished  with  leaf-like  branchial  appendages,  at  their  bases.  In  the  females  of 
some  species  the  legs  also  bear  peculiar  appendages,  which  serve  to  keep  the  eggs  under 
the  body.  The  abdomen  is  well-developed,  and  furnished  with  limbs  of  various  forms, 
sometimes  adapted  for  swimming,  sometimes  for  leaping — a  movement  in  which  some 
of  the  Amphipoda  display  great  agility.  They  always  lie  upon  their  sides  in  swimming. 

DlTlsions.— This  order  also  includes  two  families— the  HyperidcR  and  the  Gam- 
niarida.  The  first  is  characterised  principally  by  the  small  size  of  the  foot-jaws, 
which  are  not  furnished  with  palpi  or  similar  organs.  The  legs  are  usually  unequal 
in  size ;  and  one  or  two  pairs  are  often  remarkably  large,  and  converted  into  powerfiil 
prehensile  organs.  The  Gammaridce  are  characterised  by  the  large  size  of  the  foot-jaws, 
which  cover  the  whole  mouth.  The  common  Talitrus  loeusta,  or  Sand-hopper  (Fig.  89), 
which  may  be  met  with  in  thousands  upon  the  sands  of  our  shores,  is  a  well-known 
example  of  this  family.  Although  its  length  is  not  much  more  than  half  an  inch,  it  can 
leap  several  inches  into  the  air,  and  the  facility  with  which  it  escapes  pursuit  by  burrowing 
into  the  soft  wet  sand,  is  truly  wonderful.  Another  species,  Garrnnarvs  pulesc  (Fig.  124)) 
is  found  commonly  in  fresh  water,  and  is  scarcely  inferior  to  its  marine  relative  in 
agility. 

The  Coryphium  lonfficortie  (Fig.  124),  remarkable  for  its  long  antennae,  is  not  less 
so  for  its  singular  habits.     It  is  found  at  Rochelle,  where  it  burrows  in  the  sand,  and 


Fig.  124.  Fig.  125. 

Fig.  124. — Gammaras  Pulez. 
Fig.  125.— Coryphium  Longicome;  a,  terminal  segment  of  the  tail. 

wages  constant  war  with  all  other  marine  creatures  of  moderate  size  that  come  in  its 
way.  To  discover  their  prey,  they  beat  about  in  the  mud  with  their  large  antemwe. 
The^comparatively  gigantic  size  of  many  of  the  Annelida  does  not  protect  them  from 
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attack ;  a  suitable  number  of  the  little  warriors  make  common  canse  against  the  enemy, 
who  soon  succumbs  to  their  -united  efforts. 

Obder  Isopoda. 
General  Chazactexft.— This  order  includes  the  greater  ^^BxtofHieJEdriophthalmata, 
and  {he  animalB  composing  it  exhibit  a  great  yariety  of  form  and  structure.    The  body 
is  sometimes  of  an  oyal,  sometimes  of  an  elongated  form,  convex  aboye  and  flat  beneath ; 
the  head  (Fig.  126  e)  is  small,  distinctly  separated  from  the  first  thoracic  segment, 
and  bears  a  pair  of  round  eyes,  usually  formed  of  a  collection  of  simple  eyes,  but  some- 
times truly  compound.    The  antennsB  are  often  of  considerable  length,  and  the  jaws  are 
well-deyeloped.     The  thorax  consLsts  of  seyen  segments  (t^ — ^^),  each  of  which  bears 
a  pair  of  feet  {p—pp) ;  these  are  usually  similar  in  form,  nearly  equal  m  size,  and 
furnished,  in  the  female,  with  basal  plates  for  the  pro- 
tection of  the  eggs.     They  neyer  bear  branchial  plates 
as  in  the  prece&g  orders.    The  abdomen  {ab)  is  weU- 
formed,  and  consists  of  six  segments,  which  are  often,       ^ 
however,  more  or  less  amalgamated  together.     The       .^ 
abdominal  legs  are  furnished  with  a  pair  of  large  oyal 
plates,  of  which  the  inner  is  of  a  soft  consistence,  and 
acts  as  a  branchial  organ;   the  sixth  pair,  however, 
usually  forms  a  sort  of  coyer,  which  can  be  folded  over       ^ 
the  others  for  their  protection.     In  the  air-breathing 
species,  of  which  the  common  Woodlouse  (Fig.  126)  is 
an  example,  the  branchial  plates  of  the  hinder  abdomi-      <>' 
nal  legs  are  quite  rudimentary,  whilst  those  of  the     Fig.  126.— Woodlouse  (Oniscus). 
anterior  ones  are  well-developed.    Into  these  the  air 
obtains  access  by  small  apertures  at  their  base. 

Biwisions.— This  order  is  remarkable,  from  its  presenting,  in  its't^lowest  forms, 
animals  as  thoroughly  parasitic  in  their  habits  as  the  Crustacea  of  the  Entomostracous 
Gtdisr  Farasita  ;  whilst  at  the  opposite  extremity  of  the  scale,  the  air-breathing  Isopoda 
appear  to  make  a  very  dose  approach  to  the  Myriapoda,  M.  Milne  Edwards  has 
divided  the  Isopoda  into  three  sections,  denominated,  from  their  habits,  Cursorial^  Nata- 
torial, and  Sedentary  Isopods.  The  latter  comprises  those  species  which  are  fitted  for  a 
strictly  parasitic  existence,  being  furnished  only  with  clinging  feet.  "We  include  only 
a  single  family  in  this  section,  the  Bopyrida,  which  live  in  the  branchial  cavity  of 
Shrimps.  The  females  of  these  animalB  are  scarcely  more  recognizable'  as  Crustaceans 
than  the  Cirrhopodous  Barnacles  or  Acorn  shells.  They  are  of  an  irregularly  oval  form, 
furnished  with  fourteen  feet,  but  quite  destitute  of  eyes.  The  males  are  about  a  sixth 
part  of  the  size  of  the  females,  and  present  very  mudh  the  form  of  an  elongated  Wood- 
louse  ;  but  the  feet  are  very  short,  and  the  abdominal  segments  are  amalgamated  into  a 
siagle  plate. 

The  Natatorial  Isopoda  have  the  last  pair  of  abdominal  feet,  terminated  by  horizon- 
tal plates,  which  form,  with  the  extremity  of  the  abdomen,  a  regular  caudal  fin.  This 
section  includes  two  families.  Of  these  the  Cymothoid<B  (Fig.  127)  are  parasitic  upon 
fishes,  apparently  having  an  especial  predilection  for  their  tails.  They  have  small  heads, 
with  short  antemue ;  and  the  legs  axe  short,  and  terminated  by  hooks.  In  the  second 
family,  the  Spharomiday  the  body  is  usually  oval  and  very  convex,  sometimes  nearly 
hemispherical ;  the  head  is  large,  with  four  longish  antennse,  and  the  feet  are  slender, 
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•And  fitted  only  for  walking.  The  five  first  abdominal  segments  are  fused  together  ^  but 
the  last  is  free  and  of  laxge  suse,  forming,  with  the^lateral  fins,  a 
powerful  natatorial  organ.  These  animals  all  liye  in  the  sea, 
especially  on  rocky  coasts.  Like  the  Woodlice  they  are  able  to 
roll  themseives  up  into  a  ball. 

The  Cursorial,  or  walking  Isopods,  are  distinguished  &om  the 
preceding  by  the  absence  of  the  fin-like  eirpansion  of  the  posterior 
extremity  of  the  body.  The  first  family,  .the  IdoikeidiP,  is  dis- 
tinguished by  the  development  of  the  posterior  abdomioal  feet  into 
a  pair  of  flat  appendages,  whioh  can  be  made  io  ooveriihe  braaohii- 
ferous  feet  completely.  These  animals  all  liye  in  the>sea ;  they 
are  of  an  elongated  form,  and  the  outer. antennseaie  usually  of 
great  length.  The  second  f&mily,  the  Atellidts,  resembles  the 
preceding  in  many  rejects,  but  the  apx»endages  of  tiie  last  abdo- 
Fig.  127.— Anilccros.  minal  segment  [are  stylifbrm.  One  speeies  of  this  family,  the 
Limnoria  terebrans j  a  little  creature  about  the  sixth  of  an  indi  in  lengtli,  is  exceed- 
ingly destructive  to  wood-work  immersed  in  the  sea,  it  bores  into  timber  in  .every 
direction,  apparently  for  the  paipose  of  feeding  upon  it,  and  has 
often  produced  great  alarm  by  its  ravages.  Some  species  of  1^ 
family  also  live  in  fresh  water. 

The  last  family,  the  Oniseiday  including  the  welL-known  Ont«9M9, 
orWoodlouse  (Fig.  126),  and  many  similar  animals,  is  characterized 
by  the  adaptation  of  its  members  to  a  terrestrial  existence.    The 
outer  antennae  alone  are  visible,  the  [inner  pair  bdng  usually  Tory 
minute.    "The  body  is  generally  oval,  with  the  wrings  very  distinct ; 
and  the  legs  are  formed  exclusively  for  waQking.    Nearly  all  these  ^^'  12ft.— jArmadillo 
animals  live  on  land,  in  damp  places,  under  stones,  dead  leaves, 
<aind  moss ;  some  of  them  are  not  unoommon  in  cellars.     When  alarmed,  iheiy  roll 
"^emselves  up  into  a  ball  (Fig.   128),  presenting  nothing  but  the  smooth,  convex 
Mrai^ce  of  their  scaly  armour  to  their  enemy. 

Subclass  V. — Podophthalmata. 

'^  Oeitezil 'Chazaetezs. — The  animals  forming  this  sub-class  are  distinguished  by 
onany  peculiarities  from  those  of  the  preceding  sections,  and  undoubtedly  present  the 
.characteristics  of  their  class  in  the  greatest  perfection.  They  are  -easily  recognized  by 
the  position  of  the  compound  eyes  at  the  extremity  of  a  pair  of  moveable  stalks  (Fig. 
129  y),  which  are  often  of  considerable  length  (Fig.  96).  The  head  and  thorax  are 
l^enerally  amalgamated  into  a  single  piece,  called  the  cephalothorax,  which  bears  the 
antennae,  the  eyes,  the  mouth  with  its  jaws  (Fig.  94),  and  the  feet  (Fig.  129  p)  ;  of 
the  latter  organs  five  pairs  are  usually  present,  besides  one  or  more  pairs  of  foot-jaws. 
The  remaining  segments  are  .generally  quite  distinct,  formiog  a  jointed  abdomen, 
which  is  frequently  terminated  by  a  fan-like  caudal  fin  («).  The  abdominal  legs 
are  sometimes  organized  for  swimming ;  but  rarely,  as  in  some  members  of  the  pre- 
ceding sub-class,  bear  respiratory  appendages,  the  branchisD  being  usually  indosed^within 
a  cavity  on  each  side  of  the  cephalothorax,  as  already  described. 

DiTiaiona, — The  Todop/ithalmata,  or  stalk-eyed  Crustaoea,  may  be  readily  divided 
into  two  orders,  characterized  by  the  structure  of  their  respiratory  apparatus.     In  the 
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first,  the  SUmuipoday  the  hranohise,  when  visible,  hang  freely  £:oin  the  iJbdomfiD..a0 


y     _. 


Fig.  129.— Prawn. 
«,  antennsB  of  the  first  pair  ;  at,  nntenncB  of  the  second  pair ;  /,  lanrinar  appendage  covering  Its 
base ;  r,  rostmm,  or-frontal  prolongation  of  the  carapace ;  y,  eyes ;  i»m,  external  foot-jaw  ;  p*, 
Itett  thoracic  member;  pr,  second  thoracic  member;  jf>,  false  legs,  or  swimming  memben  of 
the  ^Klomen ;  n,  tail^fin. 

filifoim  organs,  at  the  base  of  the  abdominal  feet ;  whikt  in  the  seooad,  the  JkMfiodaj 
they  are  always  inclosed  in  cavities  of  the  cephalothorax. 

Obbeb  Stomapoda. 

Oenexal  Characters. — This  order  is  composed  of  some  singular  animiife,  whieh 
appear  to  have  relations  with  all  the  other  groups  of  Omstacea,  and,  of  course,  exhibit 
a  oorrespondiDg  diversity  of  structure  amongst  themselves.  The  tiioracic  segmentB  are 
sometimes  oompleEtely  ccrvered 
by  the  earapaee.;  whilst,  in 
otker  ^onns,  the  carapace 
only  coders  one  or  two  seg- 
ments. The  segment  bearing 
the  eyes  and  antennss  is 
always  distinct.  The  month 
is  fdmifihed  witJi  jaws,  and 
uanally  with  a  single  pair  of 
fo«ft-jaws ;  tiiese  are  followed 
by  seven  or  eight  pairs  of  true 
feet,  ©f  which  the  anterior 
are  often  converted  into  pre- 
hcnfli&e  organs,  whilst  thepos- 
torior  are  nsually  organized 
for  swimming.  The  prehen- 
sile feet  are  never  terminated 

by  nipping  claws,  like  those  of  the  Lobster.    The  abdominal  feet  are  usually  leaf-like 
organs ;  they  bear,  attached  to  their  bases,  tufts  of  branched^  filaments,  which  act  as 


p^  h  pa 

Fig.  130.— SquiUa. 


pa 


y,  eyes  ;  o,  antenncB ;  Pi,  first  pair  of  \e^9  ;  jjg,  second  pair  of 
legs;  J93,  three  last  pairs  of  thoracic  legs;  pa,  abdominal 
pTO-legtt ;  6,  gills ;  g,  iin-like  members. 
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respiratory  organs ;  these,  howeyer,  are  sometimes  altogether  wanting,  and  are  very 
rarely  attached  to  the  thoracic  legs. 

IMTlaioiui. — The  Stomapoda  form  three  fiEimilies.  The  FhyUowmidm  are  animals  of 
an  extraordinarily  flattened  form,  with  the  shell  thin  and  transparent ;  the  body  is 
apparently  divided  into  two  'parts,-^a  longish  or  oval  ccphalothorax,  bearing  the  eyes, 
which  are  supported  upon  long  slender  stalks,  the  short  antennae,  and  the  month ;  and 
a  second  piece,  composed  of  the  thoracic  segments,  which  bears  seven  or  eight  pairs  of 
long  slender  feet  on  its  margins.  The  abdomen  is  very  small.  These  animals  are 
oceanic  in  their  habits,  and  are  generally  found  in  the  southern  seas.  In  th6  second 
family,  the  SquiUida,  the  body  is  elongated,  and  bears  a  considerable  resemblance  to 
the  well-known  insect,  the  Mantis;  hence  the  typical  genus  Squilla  (Fig.  130)  is  fre- 
quently called  the  '^  Sea  Mantis."  Some  of  them  attain  the  length  of  a  foot  or  more  > 
but  their  average  size  is  about  three  or  four  inches.  The  eyes  are  mounted  on  short 
foot  stalks.'  The  antennse  are  of  moderate  length,  and  the  outer  pair  have  an  oval  plate 
at  the  base.  The^carapace  is  small,  and  leaves  three  segments  of  the  thorax  uncoyered ; 
these  bear  three  pairs  of  swimming  feet.  The  mouth  is  furnished  with  distinct  jaws, 
and  with  five  pairs  of  large  foot-jaws.  The  second  pair,  especially,  are  of  extraordinary 
size,  forming  large  raptorial  organs;  whilst  the  others  are  furnished  with  a  large 
vesicular  joint,  against  which  the  terminal  claw  can  be  applied  in  the  same  manner 
as  the  last  joint  of  the  anterior  pair.  All  these  feet  are  so  arranged  that  their  extre- 
mities can  be  easily  brought  in  contact  with  the  mouth,  so  as  to  hold  the  prey  in  a 
convenient  position  for  the  action  of  the  jaws.  The  abdomen  is  furnished  with  six 
pairs  of  feet,  of  which  the  last  pair  are  formed  into  fin-like  organs,  which,  with  the 
extremity  of  the  powerful  abdomen,  constitute  an  excellent  natatory  organ.  The  other 
abdominal  feet  bear  the  branchiae,  which  consist  of  bundles  of  branched  or  plumose 
filamentous  organs. 

The  third  family,  the  MysidoBf  forms  a  distinct  step  towards  the  following  order  ; 
the  animals  composing  it  presenting,  in  fact,  so  close  a  resemblance  to  the  true  Shrimps, 
that  by  many  authors  they  have  been  placed  with  them.    In  the  form  of  the  body 
they  exactly  resemble  the  Shrimps ;  the  thoracic  seg- 
ments being  completely  inclosed  in  a  carapace,  and 
the  abdomen  bowed  and  furnished  at  its  extremity 
with  a  caudal  fin  of  five  plates.    The  thoracic  feet 
vary  in  number.  They  are  usually  furnished  with  long, 
jointed  appendages,  which  appear  like  so  many  addi- 
tional limbs.    The  branchiae  are  sometimes  attached 
to  the  abdominal  legs,  sometimes  to  the  thoracic  legs, 
and  sometimes  they  are  wanting  altogether ;  but  they 
are  never  IncloBed,  as  in  the  following  order,  within 
Fig.  131.— Mysis  Yolgaris,   about  ^^  carapace.    These  animals  have  receiyed  the  name 
twice  the  natural  length.  of    "Opossum    Shrimps,"   from  the  curious  pouch, 

a,  one  of  the  bifid  legs.  .  •.     «    ,  x        xx    v  j  x     xi.       vj      •     i  i  • 

formed  of  plates  attached  to  the  abdominal  legs,  in 

which  the  female  protects  both  her  eggs  and  young,  until  the  latter  have  attained  a 
considerable  development.  They  occur  but  sparingly  in  the  European  seas,  but  swann 
in  profusion  in  some  parts  of  the  world,  especially  in  the  Arctic  Ocean,  where  they  are 
said  to  constitute  an  important  portion  of  the  diet  of  the  whale. 
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Order  Decapoda.  ' 

The  general  diaracteristics  of  the  ayiimalfl  of  this  order  have  been  akeady  so  fully 
described,  that  we  need  only  say  here,  that  it  includes  all  those  stalk-eyed 
Crustacea,  in  which  the  whole  of  the  thoracic  segments  are  united  with  those  of  the  head 
into  a  single  mass  (the  eephalothorax),  incased  in  a  common  shell,  with  no  traces  of 
segmentary  division  (the  carapace),  and  which  have  the  branchial  organs  inclosed  within 
a  cavity  on  each  side  of  the  cephalothorax.  The  true  thoracic  legs  are  almost  always  ten 
in  number ;  whence  the  name  of  the  order.  It  includes  an  immense  number  of  species, 
generally  of  considerable  size,  when  compared  with  the  other  Crustacea;  and  these  vary 
so  greatly  in  their  form  as  to  have  given  rise  to  the  establishment  of  three  distinct  sub- 
orders, characterised  principally  by  the  degree  of  development  of  the  abdominal  region. 

Sub-order  I. — Macrura. 

General  Chazactezs.— In  this  order,  including  the  Long-tailed  Decapod  Crustaeea, 
the  abdomen  is  largely  developed,  generally  longer  than  the  cephalothorax,  capable  of 
being  extended  backwards,  and  furnished  at  the  extremity  with  a  fan-shaped  caudal 
fin,  which  is  of  great  service  to  the  animal  in  the  operation  of  swimming.  The 
first  five  segments  of  the  abdomen  are  furnished  with  laminar  or  cylindrical  legs,  to 
which  the  ova  are  attached  by  a  sticky  matter  after  expulsion  from  the  ovaries.  The 
two  last  segments  with  broad  plates,  which,  with  a  similar  plate  at  the  extremity  of 
the  last  segment,  form  the  five-fold  tail  fin.  The  antennae— the  outer  pair  especially — 
are  usually  of  considerable  size,  sometimes  even  exceeding  the  body  in  length, 
and  the  feet  are  often  terminated  by  a  pair  of  nipping  claws,  of  which  those  of  the 
anterior  pair  are  sometimes  of  great  size  and  power.  The  Macrura  undergo  but  little 
change  in  their  progress  to  maturity;  the  yoimg,  on  first  escaping  from  the  egg, 
usually  presenting  a  very  close  resemblance  to  their  parents. 

IMvisions.— The  Crangonida,  iududing  the  well-known  Shrimps  and  Prawns 
(Fig.  129),  form  the  first  family  of  the  Macrura,  They  are  distinguished  by  the 
possession  of  a  large  oval  or  triangular  appendage  (Fig.  129  Q,  which  covers  the  base 
of  the  first  joint  of  the  outer  antennsB.  In  their  general  apx>earance  they  all  present  a 
considerable  resemblance  to  the  common  Shrimp,  which  is  too  well  known  to  need 
description.  They  all  inhabit  salt  water,  and  generally  occur  in  numbers  together,  on 
sandy  coasts ;  and  iu  spite  of  their  small  size,  they  are  everywhere  in  great  request 
as  articles  of  food.  The  second  fanuly*,  the  uistacida,  to  which  the  conunon 
Lobster  belongs,  is  distinguished  from  the  preceding  by  the  small  size  of  the  appendage 
at  the  base  of  the  outer  antemue,  besides  many  other  differences  in  form  and  structure. 
The  anterior  pair  of  feet  is  always  much  larger  than  the  others,  and  armed  with  power- 
fiil  nippers.  Some  of  these  ftTiimftlg  live  in  fresh  water.  These  are  of  smaller  size  than 
the  marine  species,  but  are  also  eaten  in  great  numbers  by  the  inhabitants  of  the  neigh- 
bourhoods where  they  occur.  The  Astaeus  Jttmatilisy  or  Cray  fish,  is  very  com- 
mon in  our  rivers ;  and  may  be  seen  for  sale,  boiled  as  red  as  a  Lobster,  in  many  inland 
towns.  In  the  remaining  Macrura,  the  base  of  the  outer  antennss  is  not  covered  by  a  move- 
able plate ;  but  the  ftninmlfl  generally  exhibit  a  very  close  resemblance  in  form  to  the 
Astaeidee,  In  the  Thcdassinidcs  the  shell  is  of  a  somewhat  homy  consistence ;  the  breast 
is  very  narrow,  and  the  anterior  nipping  claws  of  large  size.  The  last  fsBunily,  including 
perhaps  the  largest  Orustacea,  is  that  of  the  Palinunda,  of  which  the  Spiny  Lobster 
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is  an  example.  These  are  [powerful  animals,  with  very  hard  shells.  The  breast  is 
broad,  the  outer  antennaB  usually  yery  long,  and  the  anterior  feet  are  rarely  fur- 
nished with  nippers,  and  these,  when  present,  are  small.  All  these  animals  inhabit 
the  sea,  where  they  usually  frequent  deepish  water,  not  far  from  the  shore.  Mirny  of 
them  are  used  as  food  in  various  countries.  The  jPalinurtis,  or  Spiny  Lobster,  often 
weighs  as  much  as  twelve  or  fifteen  pounds.  It  was  in  great  esteem  amongst  the  ancient 
Bomians,  who  denominated  it  Zocusta, 

SoB-OKIXiaBU  H. — AjXGMUBJk- 

Cteneisl  €htanuete*B, — ^The  second  sub-order  of  the  Decapod  Orttstaeea  includes  a 
number  of  iwimnlw  whieh  appear  to  hold  an  intermediate  position  between  the  Long- 
tailed  forms  just  described  and  those  in  which  the  abdominal  segments  are  least 
developed'— tile  third  sub-order  Brachyura.  They  partake,  to  a  great  extent,  of  the 
characters  of  both  groups,  sometimes  approaching  one,  sometimes  the  other ;  so  that  it 
becomes  almost  equally  di^cult  either  to  distribute  them  amongst  the  Long  and  Short- 
tailed  fermsy  ov  to  find  characters  by  which  they  may  be  distinguished  from  Idie  other 
two'  groups* 

They  are  distinguished  from  the  Maerura  principally  by  liie  form  of  the  abdomen, 
TF&ich  scareely  ever  poseiesses  the  fan-like  fin  so  characteristic  of  those  animals)  and 
never  bears,  natatory  fleet ;  whilst  they  differ  from  the  Brachyura  in  nearly  always  having 
appendages  attached  to  the  last  abdominal  segment  but  one,  which  are  wairting  in  tiie 
latter  sub-order.  The  abdomen  is  sometimes  bent  under  the  body  like  the  tail  of  a 
crab,  sometimes  extended  backwards  in  a  line  with  the  body.  The  inner  pair  o£  antenns 
TA.  generally  of  moderate  size,  and  the  outer  pair  of  considerable  length.  The  three  first 
pairs  of  feet  axe  always  well-formed,  and  the  anterior  pair  are  generally  fomkhed  with 
powerful  nippers.  The  fonxth  and:fifth  pairs  are  generally  small,  and  frequeaotly  radi> 
mentary.  In  the  latter  case  they  axe  sometimes  attached  to  the  back.  TheideYelopmieBt 
of  the  young  appears  to  resembJie  that  of  the  Brachyura;  the  newly  hatediedr^fpinig^  as 
fucas yet  dbserved^being  very  like  that  of  ijie common  Grab. 

BiTiaionar— Inthe  first  fiimily  of  this,  sub-order,  ths  Fagurulaf  orHeitDit  Crabs, 
the  abdominal  portion  is  quite  soft,  fiamunga  sort  of  cylindrical  fleshy  masff  behind  the 
aheily  cephalothoisax*  The  latter  bears  weU-developed  feet,  of  which  l^e  anterior  pair  is 
nsofilly  converted  into  formidable  nippezs.  As  the  comfort  of  the  animal  would  be 
matoriaUy  interfered  with  were  this  soft,  worm-like  appendage  constantly  exposed  to 
be  grabbed  at  by  every  passing  fish  who  might  take  a  fancy  to  it,  he  usually  seeks  some 
shelter  for  his  tail,  and  the  habitation,  selected  is  generally  the  shell  of  some  univalve 
liolliiiik.  Into  this  spiral'  home  the  Hermit  Crab  is  cofled,  and  retaiiis  himself  in 
this  position  by  means  of  a  sucker  at  the  extremity  of  his  tail,  assisted  by  two  or  -Qiioe 
rudimentary  feet,  which  ace  developed  upon  the  abdominal  sac ;  and  so  fijndy  does  he 
adhere  to  his;cBBtle,  that  he  will  allow  himself  to  be  torn  to  pieces  rather  than,  let  go  his 
hflld  By  protruding  his.  body,  with,  its  three  pairs  of  legs,  from  the  orifioe  of  the  sheQ, 
the  little  Hermit  is  enabled  to  walk  with  ease  upon  the  sandy  beach  in  search  of  his 
pwy-;  but. the  moment  danger  threatens  him,  he  disappears  again  into  hiscdl,  the 
orifiee  of  which  is  then  occupied  by  one  of  his  daws,  which  i»  always  larger  thaoi  the 
other.  As  the  Crab  doe?  not  possess  the  same  power  of  adding,  to  the  size  of  Hie 
domicile  that  was  enjoyed  by  the  original  tenant,  he.  is  compelled,,  ftom  time  to  time,  to 
cltaage-  his.  residence  for  one  a.  little  larger,  and  often  appears  aknostas- difficult  to  please 
aw«'  hunaa  householder  in  the^  same  predicament.      Often  theyr  may  be  seen.  cnmiiBg 
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about  amongst  the  empty  shells  just  thrown  i^M>n  the  beach,  trying  one  after  another, 
untQ  they  meet  with  one  uniting  all  the  conditions  requisite  for  Crustacean  comfort; 
but,  until  liiis  great  object  of  their  search  is  attained,  always  returning  to  their  old 
house  after  each  unsaccesBful  triaL  It  is  said,  indeed,  that  ^en  two  of  them  happen* 
simultaneously  to  cast  a  longing-  ^e  upon  some  particularly  suitable  residence,  they 
often-  engage  in  a  fierce  battie  fbr  the  possession  of  the  coveted  object,  which  the  victor 
carries  off  in  triumph. 

Several  species  of  Hermit  Crabs  inhabit  our  shores,  and  may  be  frequently  found 
in  the  pools  left  by  the  retiring  tide,  by  any  one  who  will  take  the  trouble  to  look 
for  them.  A  curious  species  belonging  to  this  family,  the  Birffus  latro,  inhabiting 
the  Isle  of  France,  which  protects  its  soft  body  in  holes  in  the  earth  at  the  roots  of 
trees,  is  said  to  feed  upon  cocoa-nuts,  and  even  to  climb  up  the  trees  in  the  night  to  nip 
(^thefiruit. 

In  l^e  Sippida  (Fig.  133),  the  fleshy  abdomen  disappears,  and  its  place  is  taken 
by  a  jointed  tail,  furnished  with  a  pair  of  moveable  appendages  attached  to  the  last 
point  but  one.      This  tail  is  sometimes  extended  behind,  but  generally  bent  under 


Hg,  1S2.— Bemipes  Te«tuiiin«riu!«.  Fig.  133.-Hippa. 

the  breast  (Fig.  152),  as  in  the  true  crabs,  and. 'never  terminated  by  a  fan-like  fin. 
These  animals  generally  live  in  the  sand,  where  they  bury  themselves  with  great 
fecilitjr  by  means  of  their  flattened  feet.  The  family  Poreelhnidai  includes  some  small 
Crabsy-which,  ficom.  their  beautiAilly  smooth  texture,  have  received  the  name  of  Porcelain 
Ciabs..  In  their  form  they  resemble  the  true  Crabs,  and  like  these  their  anterior  feet 
are  conrertedt  into  powerful  nippera :  but  their  tails,  although  bent  under  their  body, 
are  fomished  with,  a  small  fan-like  fin.  The  outer  antennie  are  very  long,  and  the  fifth 
pair  of  fectaro  rudimentary.  Like  the  preceding  family  they  generally  live  buried  in 
the  sand. 

Intheremainingfamiliesof  the-iwmuro,  the  tail  is  destitute  of  terminal  appendages, 
and  the  form,  gradually  approaches  that  of  the  true  Crabs.  In  the  RaninidtB,  the 
four  hinder  pairs  of  legs  are  nearly  equal  in  size,  and  fiattened  so  as  to  form  natatory- 
organs;. 

In  the  JSomoIida,  the  three  middle  pairs  are  long  and  cylindrical,  whilst  the  fiftih 
are  much  shorter,  furnished  with  a  prehensile  claw,  and  placed  quite  at  the  back  of  the 
animal,  or  concealed  under  the  carapace ;  the  inner  antennffi  also  are  of  considerable- 
length  ;  and  in  the  Jh-omiidoy  which  make  the  nearest  approach  to  the  Braehyiua  the 
fifth  and*.8ometime8  the  fourth  and  fifth  pairs  of  legs,  are  altered  in  form  as  in  the  pre- 
ceding ianrily ;  but  the  inner  antennsD  are  short,  and  capable  of  being  concealed  in  small 
pitS'Siftuated  at  tiie  firont  of  the  head. 
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SUB-ORDES  III. — B&A.CHYT7&A.. 

Oenexal  Characten. — In  the  Braehyuraf  of  which  the  'common  edible  Crabs 
may  serve  as  examples,  the  abdomen  is  always  converted  into  a  short,  jointed  tail, 
quite  destitute  of  terminal  appendages,-  and  bent  round  so  as  to  fold  closely  under  the 
breast  (Fig.  134).     The  cephalothoraz  is  usually  of  a  more  or  less  rounded  form, 

generally  broader  than  long, 
and  often  produced  in  front 
into  a  point.  The  upper  sur- 
face is  entirely  covered  by  a 
single  plate  (the  carapace). 
The  eyes  and  the  inner  an- 
tennae, the  latter  of  which 
are  very  short,  can  be  entirely 
concealed  within  small  cavi- 
ties of  the  forehead.  The  outer 
antennae  are  never  of  any 
great  length,  and  the  anterior 
feet  are  always  converted 
into  nippers.  The  four  other 
pairs  of  .legs  are  generally 
terminated  only  by  single 
claws.  They  are  sometimes 
flattened  to  assist  the  ftninmla 
in  swimming ;  but,  as  a  gene- 
ral rule,  the  feet  are  formed 
exclusively  for  running.  This  is  performed,  not  forwards,  as  in  most  other  animals, 
but  with  a  curious  sidelong  gait ;  and  the  aspect  of  a  Crab,  when  making  his  escape  , 
from^danger,  with  his  claws  extended,  and  every  limb  in  the  most  rapid  though  awkward  , 
motion,  is  often  very  droll.  i 

The  tail  of  the  female  Crab  is  always  much  broader  than  that  of  the  male,  and  bears 
four  pairs  of  filiform  appendages  on  the  sid^which  is  applied  to  the  breast.  To  these  the   | 
eggs  are  attached,  so  as  to  be  protected  by  the  homy  plates  of  the  tail,  untU  the  young   : 
flTiimftlw  are  developed.    These,  on  first  coming'out  of  the  egg,  are  active  little  fellows,   | 
with  long  tails,  'which,  after  their  first  moulting,  acquire  a  singular  spine  on  the  middle   | 
of  the  back,  whilst  a  similar  spine  is  developed,  at  the  front  of  the  head  (Fig.  99,  p.  295). 
These  were  described,  when  first  discovered,  under  the  generic  name  of  Zoea,     At  a  : 
later  period  the  eyes  become  pedunculated,  the  legs  acquire  somewhat  of  their  mature 
form,  the  nipping  claws  of  the  anterior  pair  are  developed,  and  the  spines  disappear.  In   | 
this  form  the  young  animals  have  received  the  name  of  Megahpa.   It  is  to  be  observed,   j 
however,  and  this  constitutes  one  of-  the  most  singular  facts  in  the  history  of  these 
animals,  that  this  metamorphosis  is  by  no  means  universal  amongst  the  Bachyura, — ^the 
young  of  some  species,  like  those  of  ihe  MaerurOy  nearly  resembling  their  parents  from 
the  moment  of  their  leaving  the  egg ;  whilst  those  of  others,  nearly  allied  to  these, 
undergo  a  regular  series  of  changes  before  arriving  at  their  mature  form. 

IMTiaiona. — ^Professor  Milne  Edwards  divides  the  Brachyura  into  four  families. 
The  first  family,  the  Oxystofnata,^)ia.Ye  the  carapace  orbicular,  and  arched  in  front ;  and 
the  openings  for  the  passage  of  water  to  and  from  the  branchial  cavities  are  placed 


Fig.  134.— CarcinuB  MsBnos  (Common  small  edible  Crab),  upper 
side,  and  under  side  of  the  body  with  the  limbs  cut  short ; 
a,  lateral  antenna ;  5,  intermediate  antenna ;  c,  eye ;  d, 
outer  foot-jaw ;  c,  /,  g.  A,  «',  base  of  the  five  pairs  of  legs ; 
k,  tail ;  ^,  sternum. 
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dose  together  in  front  of  the  mouth.  The  anterior  claws  are  often  of  very  large  size, 
and  curiously  compressed ;  so  that  they  can  be'applied  to  the  sides  of  the  cephalothorax 
so  closely  as  to  be  invisible  from  aboye.  The  other  legs  vary  greatly  in  their  develop- 
ment, being  sometimes  long  and  stout,  sometimes  short  and  weak ;  sometimes  formed 
exclusively  for  walking,  and  sometimes  more  or  less  flattened  to  form  natatory  organs. 
In  the  genus  Dorippey  the  fourth  and  fifth  pairs  of  legs  are  reduced  in  size,  placed 
quite  at  the  back  of  the  animal,  and  terminated  by  curioiis  prehensile  hooks. 

In  the  second,  the  Oxyrhynehay  MaiadcBy  or  Sea-Spiders,  the  carapace  is  more  or  less 


Fig.  135.— Spider  Crab  (Maia). 

narrowed  in  front,  forming  a  projecting  beak  or  rostrum  (Fig.  135)  ;  the  legs  are  long 
and  hairy ;  the  back  usually  covered  with  spines  and  hairs,  whence  the  name  of  Sea- 
Spiders,  or  Spider-Crabs,  by  which  these 
animals  are  conmionly  known.  These  Crabs 
generally  live  in  deep  water,  and  rarely  ap- 
proach the  shore.  Of  the  third  family,  the 
Cyclotnetopa,  or  Cancerida^  the  common  edible 
Crab  {Cancer  Paffurtis,  Fig.  136),  may 
serve  as  an  example.  In  this  family  the 
shell  is  regularly  rounded  in  front,  and 
narrowed  behind ;  the  legs  are  of  moderate 
length,  the  claws  large,  and  often  imequal 
in  size.  The  common  Crab  is  too  well 
known  to  need  description.  It  inhabits 
deep  water,  and  is  captured  in  large  quan- 
tities, by  sinking  baskets,  pots,  or  nets, 
baited  with  carrion,  in  places  which  it  is 
known  to  frequent.    The  small  edible  Crab  (Carcinus  Mtmaa^  Fig.  134)  is  also  well 


Fig.  136.— Cancer  Pagurus. 
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known.  It  is  to  be  met  with,  in  profusion,  on  all  our  shores.  It  is  less  esteemedi  thaor 
the  laiiger  ^ecies;  and  is  principally:  consumed  by  the  poorer  dasses.  Many  othmt 
species  are  eaten  in  different  parts  of  the  world..  Some,  of  ifdiieh  the  LongnrtalfeecL 
Crab  (Podophthalmus,  Fig.  96}  is  an  example,  haye  the  posterior  pair,  of  feet  conyerted^ 
into  paddles. 

In  the  Catomeiopa,  or  Ocypodida^  forming  the  fburlii  family,  the  carapace  is  ugnalljr 
quadrilateral,  sometimes  oyal,.  with  the  front  generally  transyerse  and  kmotted.  The 
abdomen  of  the  nnle  does  not  occupy  the  whole  space  between  the  hind  legs.  This 
group  is  represented  in  the  British  seas  by  the  little  Pea  Crabs  (JPinnotkereijf  which. 
shelter  themselves  within  the  shells  of  many  of  the  biyalye  Mollusca,  especially  the 
common  Mussel. 

The  ancients  were  acquainted  with  one  species  of  Pinmiheres,  which  inhabits  the 
shell  of  the  Pinna,  a  common  Mediterranean  M(^kisk.  They  believed  that  the 
connexion  between  the  Crab  and  the  Mbllts^  was  one  of  mutuaH.  advantage ;  and 
that  the  former,  in  return  for  the  pcoteetum-  a^Ebrdsd  to^him  by  tho  ^ell  of  his  host, 
not  only  gave  him  timely  notiee  of  ai^  asproachuig^:d8Bger;;  Hint  ako^procured  him  his 
food. 

The  most  remarkable  membei»  of  Ifiis  &m%  aia  t&e  Laait  Crabs  of  tropical 
climates,  which  are  fumidied  -vidtk  a; 
peculiar  apparatus  of  leaflets,  &f  res*- 
taining  moisture  in  the  interior- ofl&Hir 
branchial  cavities..  Many  of  these,  ani- 
mals live  upon  the  sides  of.  monstain&v 
at  a  great  distance  from  the  sea,  whioh,. 
however,  they  regularly  visit  once  a 
year,  for  the  purpose  of  depositing  their 
eggs.  They  generally  select  moist  lo- 
calities for  their  terrestrial  residence. 
Here  they  excavate  considerable  bur-  Fig.  137.— Land  Crab  {Gecarcinus), 

rows,  in  which  they  conceal  themselves 

during  the  day,  roaming  about  at  night  in  search  of  food.  But  some,  such  as  iheGecar" 
eini  (Fig.  137),  are  said  to  inhabit  dry  woods.  The  Cardiaoma  eamifex,  which  nsnally 
inhabits  the  Mangrove  swamps  of  the  "West  Indian  Island3,-liy«a  principally  upon  the 
fruit  of  a  species  of  Annona,  which  grows  in  those  placei.-  But  nothing  comevamiss  to 
it.  Those  individuals  whose  residence  is  in  the  ^ighbourhood  of  the  oemateries 
are  said  to  burrow  down  to  get  at  the  dead  bodies ;  and  Dr.,  BnohBaningrtellsiiii^  that 
the  West  Indian  burial  grounds  are  pierced  in  every  dixectbiBJbf::tfiBerbii80DBPi»ad^tiiMe 
animals.  Nevertheless  the  Cardisoma  is  regarded  ast  a  luxawpwy lartitiBiaqff  %e^  bythe 
West  Indians ;  who,  however,  take  care  only  to  eat  thos&  whiQ&^l»n^ikife  Jteii|gnnni 
swamps,  as  far  a?  jrossible  from  the  cemeteries.  They  M?e-  oao^t  ia  boK  ratfetttaps, 
baited  with  a  piece  of  their  ^vourite  frnit ;  and  a£t^  their  capture  they  ase.  usually 
kept  some  time,  and  fattened  with  broken  victuals.  Aiuither  group  of  Land  Chabe^  the 
Gelammi,  are  distinguished  by  the  large  size  of  one  of  their  claws,  which  th«y  hold. up 
in  a  menacing  attitude  as  they  retreat  from  any  object  Hiat  has  inspired-  them  with 
alarm.  From  the  beckoning  action  of  this  claw,  the  Gelasimi  have  received  the  name 
of  Calling-Grabs.  They  make  great  use  of  it  also  in  forming  their  burrows,  bringing  up 
small  pinches  of  sand  or  earth  every  now  and  then,  and  scattering  these  waste  mate- 
rials to  a  considerable  distance  round  their  hole,  so  as  to  avoid  the  presence  of  an 
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mmf^j  heap  at  the  entrance  to  its  domicile.    The  Thsiphmatf^  (Fig.  4,  ]^  198)]  aw 
also  liSBid  Crahs,  althoiigh  some  of  the  £^ecks  inhahit  frc^  wateiL 

Class  VT. — Asjlcskidjl, 

Senegal  CShaveotezsr—The  animals  forming  the  class  Arachnidtt^  which  includes 
the  Spiders  and  their  allies,  are  amongst  those  which  are  viewed  with  disgust  and 
avCTsion  by  the  generality  of  mankind.  Confoimded,  in  the  popular  mind,  ^dth  the 
Reptiles,  they  of  course  come  in  for  their  share  of  the  bad  reputation  of  those  creatures, 
and  some  of  them,,  no  doubt,  not  without  reason ;  but  on  a  closer  examination  we  find 
that,  however  unattractive  they  may  be  in  appearance,  they  'present  much  that  is 
interesting  both  in  their  structure  and  habits. 

They  are  distinguished  from  the  other  Arthropoda  by  their  aerial  respiration,  thdr 
possession  of  four  pairs  of  legs  attached  to  the  anterior  division  of  the  body,  and  the 
total  absence  of  antennsB.  The  body  is  usually  covered  with  a  softish  'skin,  which, 
however,  sometimes  attains  a  homy  consistency.  In  the  lower  forms  the  division  of 
the  body  into  separate  regions  is  quite  unrecognizable,  and  the  whole  forms  a  roundish 
or  oval  mass,  which  does  not  even  present  traces  of  segmentation.  In  the  higher  groups 
the  body  is  composed  of  two  principal  divisions,  of  which  the  anterior,  as  in  the  Crus' 
taeeoy  consists  of  the  thoracic  segments,  amalgamated  with  those  of  the  head,  and 
forming  togethar  a  mass  called  the  cephalothorax.  In  the  highest  forms  the  divLsion  of 
the  thorax  into  separate  segments  becomes  apparent ;  but  the  anterior  segment  is  still 
amalgamated  with  the  head.  The  structure  of  the  abdomen  varies  greatly.  In  some 
cases  it  forms  a  soft  round  mass  without  any  traces  of  segmentation ;  whilst  in  others, 
as  the  Scorpions,  it  is  produced  into  a  long  flexible  jointed  taiL 


t  be     b    ma 

Rff.  138. 


m    g 


Fig,  130. 


Fig>.  13S.!-4ieetion  of  the  Cephalothorax  of  a  Mygale,  shoTringr  the  arrangeinent  of  the  nervous 
system,  ety  cephalothorax;  m,  mandible;  ^,  moveable  hook -which  terminates  it;  i,  mouth; 
<B,  oBsophapus ;  «.  stomach ;  aft,  origin  of  abdomen  ;  c,  cephalic  ganglion;  <,  ganglionic  mass  of 
the  thorux ;  ca^  cords  which  unite  it  to  the  abdominul  ganglia  ;  fto,  optic  nerve ;  y,  eyes. 

Fiff.  139.— Buccal  apparatus  of  a  Spider.  «,  sternum ;  l,  labrum;  oto,  maxillfB;  j?,  maxillary  palpi; 
m,  mandibles ;  ^,  hook  terminating  the  mandibles. 

Inmost  of  the  Araehnida  the  cephalothorax  is  armed  in  fnmt  with  apair  of  powez^ 
jaws,,  terminated  by  a  distinct  claw-like  joint  (Fig.  138)  ;  these  are  usually  pep- 
forated,  and  convey  a^  poison  into  the  wounds  infiieted  by  them^  whieh^  although  it 
rarely- produees  disagreeable  effeetsi upon  the. haman/sufajeot^  afpsasKtebaveiry  speedily 
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&tal  to  the  small  animals  upon  which  the  Spiders  prey.  These  jaws  are  considered  to 
be  the  representatives  of  the  antennse  of  the  other  Arthropoda,  Below  therii  is  the 
opening  of  the  mouth,  which  is  furnished  with  jaws  of  a  different  construction,  called 
maxilla  (Fig.  139),  bearing  on  their  outer  surface  long  jointed  organs,  called  ^a^^t, 
which  often  attain  an  enormous  development,  and  are  furnished  with  a  pair  of  pincers 
at  their  extremity.  In  many  of  the  lower  forms  the  mouth  is  converted  into  a  sucking 
proboscis. 

The  legs  are  usually  formed  of  the  same  parts  as  those  of  Insects ;  a  rounded  hip- 
joint  (coxa)  attaches  the  limb  to  the  sternum ;  the  thigh  is  united  with  this  by  a  small 
moveable  joint  called  the  trochanter;  the  joint  following  this  is  the  shin  {tibia)y  at  the 
extremity  of  which  is  the  foot  (tarsus),  usually  composed  of  two  joints.  The  nervous 
system  in  the  higher  groups  is  well  developed,  consisting  of  a  large  nervous  mass 
situated  in  the  lower  part  of  the  cephalothorax  (Figs.  138  and  140),  communicating  with 
a  brain,  or  supra-oesophagral  ganglion  by  a  band  of  nervous  matter  which  embraces  the 
oesophagus ;  and  of  one  or  more  ganglia  placed  in  the  abdomen  and  united  with  the 
thoracic  mass  by  a  pair  of  filaments.    In  the  Spiders  there  is  usually  only  a  single 
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Fig.  I40.--Anatomy  of  Mygale.  ct,  cephalothorax  opened  below,  and  giving  attachment  to  the 
limbs,  -whose  first  Joints  are  exhibited ;  pa,  legs  of  the  first  pair ;  p,  palpi;  tn,  mandibles  ;  ab, 
abdomen ;  t,  thoracic  nervous  mass ;  a,  abdominal  ganglia ;  po,  respiratory  sues ;  «,  stigmata ; 
I,  leaf-like  folds  in  the  interior  of  one  of  these  laid  open ;  ov,  ovaria ;  or,  orifice  of  oviducts ; 
tna,  muscles  of  the  abdomen ;  an,  anus ;  /,  spinnerets. 

ventral  ganglion;    but  the  Scorpions  have  one   of  these  nervous  knots  in  each  | 
segment  of  the  abdomen.      The  eyes    are    situated  on  the  upper  surface  of  the  j 
front  of  the  cephalothorax  (Fig.  138) ;  they  vary  in  number  from  two  to  eight, 
and  are  of  the  kind  called  ocelli,  or  simple  eyes.      Other  organs  of  sense  have  not  been 
recognized. 

Eespiration  is  effected  by  means  of  air-tubes  (trachea),  or  by  peculiar  modifications 
of  those  organs  which,  in  their  most  perfect  form,  have  received  the  name  of  pulmonary 
sacs.  The  blood  is  set  in  motion  by  the  contraction  of  a  dorsal  vessel  (Fig.  141),  which 
propels  the  nutritive  fluid  from  behind  forwards,  and  gives  off  numerous  minute 
arteries ;  no  veins  have  been  discovered.  The  intestine  ia  sometimes  a  simple  canal, 
running  in  a  tolerably  straight  direction  from  one  extremity  of  the  body  to  the  other ; 
but  in  most  cases  the  oesophagus  leads  into  a  sac-like  stomach,  furnished  with  nume- 
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rior  extremity ;  v,  pulmo- 
nary vessels. 


rous  blind  processes,  which  are  sometimes  confined  to  the  cavity  of  the  body^  but 
frequently  send  branches  into  the  legs. 

The  Araehnida  are  all  unisexual,  and  all  lay  eggs,  with 
the  exception  of  the  Scorpions  and  a  few  Mites,  in  which 
the  OYa  are  retained  within  the  oviducts  until  they  are 
hatched,  so  that  the  animalw  produce  living  young.  In  the 
majority  of  the  Araehnida^  the  young,  on  escaping  £rom  the 
egg,  present  the  same  general  form  that  they  are  to  retain 
through  life ;  but  amongst  the  lower  forms,  such  as  the 
Mites,  the  young  aro  often  comparatively  imperfect,  some- 
times possessing  fewer  legs  than  the  perfect  animal,  and 
sometimes  having  the  same  number  of  those  organs,  but  in 
a  less  developed  condition. 

BiTisioiut.— The  Araehnida  may  be  divided  into  two 
large  groups  or  subclasses,  in  accordance  with  differences 
in  the  structure  of  their  respiratory  apparatus.  In  one  of 
these  sections  the  animals  (when  respiratory  organs  have  Fig.  141  .—Heart  of  a  Spider, 
been  detected)  breathe  by  meana  of  air-tubes,  or  trachea,,  «;  ^^.  VX^^^^\ 
and  the  eyes  are  never  more  than  four  in  number ;  these  prooee^g  from  its  ante- 
form  the  subclass  Traehearia.  In  the  second  section  the 
respiratory  organs  take  the  form  of  pulmonary  sacs,  and 
the  animals  are  hence  called  Pulmonaria ;  they  possess  six  or  eight  eyes.  The  first 
of  these  subclasses  includes  three  orders— the  Podoaomata,  which  appear  to  possess  no 
special  breathing  apparatus,  and  which  are  distinguished  from  all  other  Araehnida  by 
their  marine  habitation ;  the  Aearina,  or  Mommerosomataj  in  which  the  body  is  usually 
composed  entirely  of  a  single  mass ;  and  the  Adelarthroa<matay  which  have  the'abdomen 
more  or  less  distinctly  annulated. 

SXTBCLABS  I.  —  TlLLCHEABIA. 
ObDEB  I. — ^PODOSOMATA. 

This  order  is  composed  of  a  few  singular 
spider-like  creatures,  which  have  been  shifted 
about  by  different  authors,  backwards  and 
forwards,  between  the  Crustaeea  and  the 
Araehnida,  They  are  all  marine ;  some  of 
them,  like  the  Nymphon  (Fig.  142),  being 
found  amongst  stones  and  sea-weeds  on  the 
beach,  or  amongst  rocks  and  corals  in  deep 
water  ;  whilst 
others,  such  as  the 
Pyenogoaum  (Fig. 
143),  attach  them- 
selves parasitically 
to  Fishes  and  other 


Fig.  142.— Nymphon  Grossipes,  and  under 
side  of  its  beak. 


marJTie 

the  species  figured 
lives  upon  whales. 
The  body  is  composed  of  foxir  segments,  amalgamated  into  a  regular  cephalothoraz,  and 


Fig.  143.— Pycnogonmn 
BalflBnamm. 
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each.  Begment  bears  a  pair  of  long  jointed  legs.  In  iroat  of  tlus  mass  is  a  short  rostnun, 
-which  is  sometimes  accompanied  by  a  pair  of  palpifarm  jaiws ;  and  between  these  and*  the 
first  pair  of  feet,  the  females  of  some  i^eeies  possess  a  pair  of  false  feet  (Fig.  14^),  to  which 
the  eggs  are  attached.  The  stomach  giyes'  off  long  processes,  which*  soiiietimes  nm 
almost  to  the  extremity  of  the  legs ;  Imt  no  ciroalatory  or  xespiratory  ozgans  haive  yet 
been  recognized.  The  nervous  system  is  very  imperfectly  developed.  The  yonng,  on 
first  leaving  the  egg,  possess  only  four  short  legs,  famished  with  long  fiksnents ;  i^^ 
metamorphosis  has  not  been  observed. 

These  animals  form  two  families :  the  Pycnogiomda,  which  are  parasitic  in  tiiieir 
habits,  and  have  the  palpi  obsolete ;  and  the  Nympkonida,  which  erawl  abont  slowly 
amongst  the  stones  and  weeds  of  their  aquatic  home,  and  are  fumiBhed  with  ^stinct 
palpi. 

OrDBB  II. — ACABINA,    OR  MoHTOMEROSOMATA. 

Ge&exal  ClutTactexsr— Nearly  all  the' animals  that  we  include  in  this  order — of 
wHoh  the  common  Hites  are  the  best  known  examples— are  recognisable  at  the  first 
glance  by  the  form  of  the  body,  which  usually  constitutes  a  roundish  or  oval  mass, 
without  any  trace  of  segmentation.  They  are  mostly  parasitic  animals,  fiinmhed<with 
a  proboscis  containing  a  pair  of  sharp  spines,  which  serve  for  wounding  their  pney,  and 
bearing  a  palpus  on  each  side.  The  intestine  is  always  famished  with  lateral  processes, 
which  are  often  reoognisaMe  externally  by  their  effect  upon  the  colour  of  the  aaimal. 
The  proboscis  is  jointed  and  retractile.  Sometimes  it  is  furnished  with, a  'swollen  base, 
whi(^  has  been  taken  for  &  head.  The  eyes,  which  am  often  wanting  in  the  paxasitic 
forms,  are  two  in  number  when  pressent,  and  are  placed  on  each  side  of  the  eaterior 
portion  of  the  body.  The  respiratory  organs  consist  of  trachese  or  air  tuhes,  aimiiar 
to  those  of  insects ;  these  arise  &om  a  pair  of  lateral  opem^gs,  and  ramify  through 
the  body.  Their  structure  will  bo  described  when  we  come  to  treat  of  the  insects,  in 
which  the  tracheee  are  presented  in  Iheir  most  characteristic  form. 

The  Acarina  are  generally  oviparous  animals ;  but  a  few  bear  living  young.  The 
yonng  generally  possess  only  three  pairs  of  feet ;  the]  fourth  pair  not  Tnalring  their 
appeaxonce  until  aifter  the  first  moiilt. 

JD&viaioiis. — ^We  must  refer  veiy  briefly  to  the  numerous  families  into  which  this 
order  is  divided.  The  three  first  of  these  groups,  like  the  earlier  families  of  the  Crm- 
taceOf  are  composed  of  animals  ia  which  the  characters  even  of  the  class  are  almost 

entirely  lost  by  degradation ;  and 
although  their  general  structure 
appears  to  indicate  this  as  their 
proper  position,  they  have  been 
placed  in  very  different  situations 
Fig.  114.— Lingosttaa  TsuioLdeB.  by  some  zoologists.    The  first  of 

these,  the  Ztn^Ma^M/Mf<(S,  containing 
the  Zinffuatula  (Fig.  144),  curious  worm-like  animals,  found  in  the  firontal  sinuses  and 
lungs  of  various  Mammalia,  -and  in  the  lungs  of  some  Eeptiles,  has  generally  been 
placed  amongst  the  intestinal  worms ;  but  recent  investigations  have  shown  that  the 
young  of  these  creatures  greatly  resemble  the  Acari  in  the  form  of  their  body,  and  that 
they  are  furnished,  whilst  «taIL  in  the  egg,  with  four  short,  jointed  legs.  The  creature 
sewmbles  a  jointed  wonn,  with  no  traces  of  external  organs,  except  two  pairs  of  hooks 
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plaoed  olese  to  the  mouth,  idiieh.  serre  to  mamtain  the  animal  in  its  position.    The 

second  family,  the  Stmoneida,  also  imdiides  paxasitio  animals ;  but  these  select  a  more 

singular  habitation  than  the  Linffuatitla.  They  are  minute,  soft  cseatures,  furnished  with 

four  pairs  of  legs,  which  £wquently  take  up  their  abode  in  the  foUicles  of  the  liunian 

ddn ;  ihej  are  vulgarly  denominated  ^'imaggots.in  the  skin." 

In  the  structure  of  l^e  mouth  these  creatures  agree  with  the  Mites ;  their  bodies,  when 

young,  are  much  elongated,  bat  gradually  shorton  as  they 

approach  maturity.   They  neyer  exhibit  any  appearance  of 

Begmentatifm.    The  species  found  on  man,  JSimonea  foUi- 

adorumy  usually  confines  its  attacks  to  the    face,  and 

appears  to  be  particularly  partial  to  the  nose. 

Theiiiiid  of  theae  doubtful  Aoarine  fianilies,  is  that  of 

the  ira0rodio<M2e9— -mioroflcopic  animals  which  have  usually 

been  associated  with  the  Infuaoriaj  and  eqiecially  with 

the   Rot^a,     They  are  Imown  as  Sloth  or  Bear-ani- 

maloules,  and  they  are  to  be  found  in  moas  or  in  fresh 

water.      Their  bodies  are  usually  of  an  elongated  oyal 

form,  ^znushed  with  four  pairs  of  legs,  of  which  the 

hinder  are  placed  at  the  extremity  of  the  body.    The 

moutb  is  furnished  with  a  short  rostrum,  armed  with  a  pair 

of  sharp,  moyeable  spines.    The  feet  generally  bear  four 

claws.      No  trace  of  a  circulatory  or  respiratory  apparatus 

has  been  found  in  these  creatures;   and  in  one  genus 

only  do  any  indications  of  annulation  present  themselyes. 
The  most  singular  fact,  connected  with  these  curious 

little  creatures,  is  their  power,  although  inhabitants  of  water 

or  moist  situations,  of  retaining  theii*  vitality  for  anindefinite 

periodof  perfect  drought  and  returning  to  lile  the  moment 

they  are  again  moistened.     The  most  £nittM  locality  in  which  to  search  for  them  is 

one  in  which  we]  should 
scarcely  svu^ect  the  exist- 
ence of  -anything  animated 
— namdy,  amongst  the  sandy 
dust  that  cotUects  in  the  gut- 
ters on  the  roofs  of  houses. 
Here,  howerer,  they  may 
generally  be  met  with,  not 
unfrequently  associated  with 
other  animalcules,  in  which, 
as  we  have  already  seen,  the 
same  resuscitation  also  takes 
place. 

Of  the  family  of  True 
Mites  {Acarida)  some  are 
active  in  their  habits,  like  the 
common  Cheese  Mite  (Fig. 
146);  others  are  parasitic  upon 
or  beneath  the  skins  of  m&n 


Fig.  145.— Macrobiotus  Hufcl- 
andi,  seen  from  the  back,  a, 
armature  of  mouth ;  b^  eye ; 
c,  stomach  ;  <f,  oTury ;  e,  Mad 
feet. 


Fig.  146.  Fig.  147, 

Fig.  146.~AcanM  domesticus,  or  Cheese-Mite,  magnifted. 
Fig.  147.— aaroopteB8cabiei,arAcanri»8of  theiteA. 
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Fig.  148.— Ixodeg 
Flumbeus,  and 
its  Rostrum. 


and  other  animals.    Of  the  latter,  one  species  is  well-known  by  its  effects ;  this  is  the 

Sareoptes  Scabiei  (Fig.  147),  which  produces  the  disgusting  complaint  so  common 

amongst  dirty  people,  known  as  the  itch. 

The  Ixodida,  forming  another  family,  are  furnished  with  a  powerfiil  rostrum,  armed 

with  recurved  spines  (Fig.  148),  with  which  they  pierce  the  skin  of  the  unfortunate 
^Tiimalfl  upon  whose  blood  they  liye.  So  firmly  does  this  anchor- 
like organ  retain  its  hold,  that  if  the  parasite  be  pulled  away  it 
usually  carries  a  portion  of  the  skin  of  its  yictim  with  it.  These 
creatures  liye  upon  a  great  yariety  of  animals.  The  dog  is  yery  liable 
to  their  attacks,  and  many  species  attach  themselyes  ezclusiyely  to 
serpents  and  other  reptiles.  The  animal  known  as  the  Harvest 
Bug,  which  is  often  so  troublesome  in  summer  and  autumn,  also 
belongs  to  this  group.  The  Oamasida,  which  are  furnished  with 
a  sucking  apparatus  very  similar  to  that  of  the  Izodicke,  usually 
attach  themselyes  to  the  bodies  of  beetles ;  and  the  common  Dung- 
beetles  {Geotrupes)  may  often  be  found  with  the  lower  surface 
nearly  covered  with  them. 

In  the  preceding  families — most  of  which  are  parasitic  in  their 

habits — ^thc  eyes  are  usually  wanting.     The  remainder,  which  generally  lead  a  more 

active  life,  are  always  furnished  with  these  organs.    One  family,  the  Mydrgehnida,  or 

Water-mites,  inhabit   the    water,   where    they 

swim  about  with  considerable  rapidity  by  means 

of   their   fringed    legs    (Fig.   149).      In   their 

young  state,  they  attach  themselyes  parasiticaUy 

to  aquatic  insects;  they  then  possess  only  six 

legs,  and  pass  through  a  quiescent  or  pupa  state 

before  acquiring  the  fourth  pair.    The  Oribatida 

— ^which,  unlike  the  other  Acanna^  liye  upon 

vegetable  matter,  principally  the  leaves  of  mosses 

— are  covered  with  a  hard  and  very  brittle  skin, 

and  have  the  mouth  adapted  for  biting.    The 

BdeUidcB,  which  liye  amongst  damp  moss,  have 

the  body  divided  apparently  into  two  parts  by  a 

constriction,  and  the  rostrum  and  palpi  very  long ;  whilst  the  TrombidiidtBy  of  which 

the  little  Scarlet  Mite  so  often  seen  in  gardens  is  an  example,  have  the  palpi  oonyerted 

into  little  raptorial  organs. 


\  Obder  III.— Adblaathbosomata. 

Genexal  Chazacten. — The  animals  composing  this  order  have  the  abdomen 
united  to  the  cephalothorax  by  its  whole  breadth,  and  the  body  sometimes  presents  a 
regular  oval  outline,  as  in  the  Mites ;  but  the  abdomen,  on  dose  exanunation,  is 
always  found  to  be  more  or  less  distinctly  annulated.  The  mouth  is  aimed  with  jaws 
like  those  of  the  Spiders ;  and  the  palpi  are  generally  of  great  length,  and  converted 
into  nipping  claws  (eheUeerajf  like  those  of  the  Scorpion,  to  which  some  of  these  crea- 
tures bear  no  very  distant  resemblance.  Like  the  Mites,  they  respire  by  means  of 
trachee,  which  open  by  two  or  four  openings  on  the  lower  surfiEuse  of  the  body. 


Fig.  149.— a,  Hydraehna  Globolns ;  ft, 
magnified ;  e,  young  larva ;  d,  pnpa. 
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Fig.  IdO.^Horrest  Spider  (Phalanginm). 


IMTlaioiM. — These  animals  form  thiee  families.     In  the  first,  the  PhakmgidcBy 

of  which  the  Harvest-men,  or  Haryest  Spiders  (Fig.  150}  of  our  gardens  and  fields 

are  weU-known  examples,  the  division  of  the 

abdomen  into  segments  is  often  indistinct ;  the 

antennal  jaws  are  large  and  furnished  with  a 

didactyle  daw ;  the  palpi  are  of  moderate  length, 

and  the   legs  in  general  immoderately  long. 

Propped  upon  these  stilt-like  limbs,  the  JBha" 

langia  stalk,  about  amongst  plants  in  search  of 

insect  prey,  and  they  seem  to  be  very  voracious 

animals.    Some  exotic  forms  belonging  to  this 

family  are  remarkable  for  the  extraordinary 

shape  oif  ^eir  abdomens,  which  project  into 

angles  and  spmes  of  all  imaginable  forms. 

The  Cheliferida,  forming  the  second  fkmily,  are  at  once  distinguishable  by  the  fiarm 
of  their  palpi,  which  are  very  long,  and  terminated  by  strong 
nippers,  like  those  of  the  Scorpion.  These  animals,  in  fact, 
resemble  little  Scorpions  that  have  lost  their  tails  (Fig. 
151).  Like  the  preceding,  they  are  predaceous  in  their 
habits,  and  often  get  into  houses  in  search  of  food.  They 
are  frequently  found  amongst  old  books,  which  they  visit, 
no  doubt,  in  pursuit  of  the  minute  insects  sometimes  to  be 
met  with  in  such  situations.  They  occasionally  attack  the 
common  House-fly,  and  run  quickly  in  every  direction, 
Fig.  ISl.-CheUfer.  backwards,  forwards,  and  sideways,  like  little  crabs.     Their 

appearance,  with  their  Httle  daws  extended,  is  very  curious. 

The  last  fiumly,  the  JSolpugidaj  indudes  several  spider-Uke  animals,  some  of  whidi 

enjoy  a  most  unenviable  reputation.     The  smtennal  jaws  and  palpi  are  of  very  large 

size ;  the  latter  being  longer  than 

the  three  anterior  pairs  of  legs. 

They  live   principally   in    the 

sandy  deserts  of  the  old  world, 

where  the  common  species  ((?a- 

leodes    araneoidesy     Fig.     152), 

which    attains    the    length    of 

about  two  inches,  is  said  to  be  Pi^^  152.— Galeodes. 

a  great  torment  to  the  camels. 

They  run  with  great  swiftness,  and  are  very  voracious,  sometimes  even  attacking  small 

birds  and  lizards.    When  threatened,  they  retreat  with  their  head  and  formidable 

nippers  raised  in  an  attitude  of  defiance ;  a^d  their  bite  is  said,  by  the  natives  of  the 

regions  they  inhabit,  to  be  extremdy  venomous. 

Sub-class  II. — Pulmonabia. 
The  pulmonary  sacs,  the  presence  of  which  is  the  leading  characteristic  of  these 
animals,  are  to  be  regarded  merely  as  modifications  of  the  tracheary  structure  presented 
by  the  other  Araehnida.  Like  the  tracheae,  they  open  by  stigmata,  or  small  apertures  in 
the  lower  surface  of  the  animal ;  but  these,  instead  of  leading  into  a  tuft  of  little  tubes 
radiating  amongst  the  organs  of  the  body,  admit  the  air  into  a  small  closed  sac,  con- 
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taining  a  packet  of  minute  plates,  laid  side  by  side  like  the  leaves  of  a  book  (Fig.  140). 
These  animals  possess  six  or  more  eyes,  placed  on  the  anterior  portion  of  the  cephalo- 
thorax  (Fig.  153).  They  are  always  ocelli  or  simple  eyes,  each  ftir- 
nished  with  its  own  separate  nervous  filament. 

The  FtUinonaria  form  two  orders— the  Poh/meroaomata  or  Pedipalpi, 
in  which  the  abdomen  is  distinctly  annulated  and  attached  to  the 
Fig.  153.  —  Eyes  cephalothorax  by  its  whole  breadth ;  and  the  IHmerosotnata,  or  true 
of  Spider,       Spiders,  in  which  that  region  of  the  body  presents  no  signs  of  segmen- 
tation, and  is  connected  with  the  preceding  segment  by  a  narrow  pedraicle.    * 

Ordeb,  IV.— -Pedipalpi  ob  Polykkkosomata. 
General  Ghazactezs. — ^The  principal  distinctions  existing  between  these  animalfl 
and  the  true  Spiders,  which  constitute  the  following  order,  are  the  great  develoxxment 
of  the  palpi,  which  always  form  large  arm-like  prehensile  organs,  often  terminated  by 
a  pair  of  nippers,  and  the  distinctly  annulated  structure  of  the  abdomen.  •  The  skin  is 
always  hard  and  homy;  and  the  abdomen  is  attached  to  the  back  of  the  cephalothorax 
by  its  entire  breadth. 

DiTisioaiB. — ^This  order  includes  only  two  families,  and  the  species  in  these  are 
not  particularly  numerous ;  but  few  of  the  Arachnida  are  more  renowned  than  these, 

from  the  universal  dread 
inspired  by  the  yenonums 
powers  of  their  best  known 
representatives,  the  Scoipions. 
These  form  the  family  Scot- 
pumidai,  characterized  by  their 
elongated  tail-like  abdomen 
(Fig.  154),  armed  at  its  extre- 
mity with  a  sort  of  hooked 
claw,  which,  when  the  crea- 
tures are  in  motion,  is  always 
Fig.  154.— Scorpion.  carried  over  Hie  back  in  a  most 

threatening  attitude.  This 
claw-like  organ  is  the  sting,  of  the  formidable  nature  of  which  such  extraordinary 
accounts  are  given  by  the  natives  of  those  tropical  regions  to  which,  fortonately  for 
Europeans,  the  largest  and  most  dangerous  species  are  confined.  The  poisofn  gUmds 
are  situated  dose  to  the  base  of  this  organ,  and  their  ducts  run  to  its  point,  so  that 
when  the  creature  strikes  with  its  weapon,  a  small  portion  of  the  venom  is  instilled  into 
the  woimd.  Whether  this  venom  is  ever  fatal  to  human  Hfe,  appears  still  to  be  a  matter 
of  dispute  ;  but  the  effects  of  the  Scorpion's  sting  are,  doubtless,  very  disagreeable ; 
it  often  produces  great  and  painful  spelling  of  the  part  wounded,  accompanied 
in  many  cases  with  vomiting  and  other  symptoms.  Moreover,  the  venom  of 
some  species  is  said  to  be  rapidly  fatal  to  man  ;  and  an  African  genus  has  received  its 
name  {Androctonus,  manslayer)  from  its  evil  reputation  in  this  respect.  As  to  the 
effects  of  this  poison  upon  smaller  animals  there  can  be  no  doubt ;  as  the  Scorpions 
destroy  their  prey,  which  consists  principally  of  insects,  by  holding  them  in  their 
claws,  and  stinging  them  to  death.  Some  of  the  larger  species  also  capture  small 
lizards  and  other  animals,  which  they  destroy  in  the  same  manner. 

The  Scorpions  have  four  pairs  of  stigmata  and  pulmonary  sacs  placed  upon  the  first 
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four  SQgBiettts  of  the  abdimion.  Bebind  the  last  pair  of  legs,  a  pair  o£  curious  comb-like 
<«gans  is  placed,  the  office  of  which  is  not  known ;  but  the  aperture  of  the  generative 
organs  is  situated  between  them.  The  female  Scorpion  exhibits  the  greatest  care  for 
her  young,  eairyimg  them  upon  her  huk  for  some  days  after  they  are  hatched,  and 
fttt^ading  to  them  elosely  for  about  a  month,  after  whioh  they  are  able  to  take  care  of 
tbemselYes.  They  generally  lire  on  the  ground  under  stones  and  in  dark  places,  coming 
out  at  night  in  search  of  prey ;  but  they  frequently  find  their  way  into  the  interior  of 
houses,  where  they  are  sometimes  so  numerous,  that  in  some  places  it  is  said  that 
scarcely  an  article  of  famiture  can  be  moyed  wiiiiout  the  greatest  danger  of  being 
stung  by  some  concealed  Scorpion,  irritated  at  this  unexpected  intrusion  on  his  priyacy. 
The  animals  fonuing  tlie  seoond  family,  l^e  Thelyphonida,  present  an  appearance  in 
some  degree  intermediate  between  the  Scorpions  and  the  true  Spiders,  The  abdomen 
is  abort  and  rounded,  but  distinctly  annulated ;  the  cephalo- 
thorax  forms  a  sii^le  mass ;  the  palpi  are  very  long  and 
stout ;  but,  instead  of  the  pincers  of  the  Soorpion,  they  ore 
terminated  by  a  moveable  claw,  capable  of  being  applied  to 
the  inside  of  the  preceding  joint,  and  thus  forming  a  prehen- 
sile organ.  The  structure  of  the  anterior  pair  of  feet  is  very 
remarkable ;  they  are  much  thinner  than  the  other  three  pairs, 
and  the  tarsi  are  formed  of  a  great  number  of  joints ;  so  that 
the  limbs  aire  ctmverted  into  long  flexible  organs  of  touch, 
which  probably  fulfil  tiie  office  of  antennee.  Many  of  them  Rg.  155.— Phrynus  reni- 
are   lai:ge  animals,  of  a  somewhat  f<«bidding  appearance,  lormfe  (reduced), 

wh^ch,  like  the  Scorpions,  can  run  in  -every  direction^     They  are  almost  confined  to 
tr^ical  oouatries,  inhabiting  principally  the  hottest  parts  of  Asia  and  America. 

OkDEB  y. — ^DlMEROSOM^TA. 

General  Gluizactexs. — The  .general  appearanfe  of  the  animals  forming  this  order 
must  be  familiar  to  all  our  readers.  The  body  consists  of  two  distinct  portions,  of 
which  the  anterior,  or  cephalothorax,  is  usually  of  an  oyal  form,  and  covered  with  a 
plate  of  a  somewhat  homy  consistence ;  whilst  the  posterior  (the  abdomen)  generally 
forms  a  soft,  roundish  mass,  without  any  traces  of  segmentation,  and  which  is  attached 
to  the  base  of  the  ceph^othorax  by  a  narrow  peduncle. 

On  its  anterior  portion  the  oephalothocax  beams  six  or  eight  simple  eyes  (Figs.  138 
and  153),  which  are  usually  situated  on  a  elUght  eminence.  Below  and  in  front  of  these 
are  seen  the  large  mandibles  (Figs.  138, 139),  which  serve  the  Spiders  for  the  destruction 
of  their  prey,  below  which  is  the  opening  of  the  mouth,  furnished  with  a  pair  of  masti- 
cating jaws,  or  maxillae.  From  each  of  these  springs  a  long,  jointed  palpus  (Fig.  J  39)^ 
which  in  some  instances  appears  to  be  converted  into  a  supplementary  leg.  These 
organs  occupy  the  front  of  the  cephalothorax.  Its  lower  surface  bears  four  pairs  of 
jointed  legs,  furnished  at  their  extremities  with  claws,  which  are  often  of  a  very 
singular,  oomb-like  stiiicture. 

The  pulmonary  sacs,  which  are  contained  in  the  abdomen  (Fig.  140),  are  either  two 
or  four  in  number,  opening  by  stigmaia  in  the  lower  surface  of  the  abdomen.  Besides 
these  respiratory  organs  the  majority  exhibit  an  aperture  at  the  extremity  of  the  abdo- 
men, from  whidi  four  flat  tracheae  arise,  and  ramify  through  the  organs  of  the  body. 

But  the  most  remarkable  organs,  perceptible  on  the  abdomen  of  spiders,  are  the 
spinneretB  (Fig.  140  /),  by  means  of  which  these  animals  spin  their  curious  and  often 
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beautiful  webs,  which  have  attaracted  the  attexLtion  and  excited  the  admiration  of  man- 
kind in  all  ages.    These  spinnerets  are  little  teat-like  organs,  placed  close  to  the 
extremity  of  the  abdomen,  on  its  lower  sur&ce.    They  are  sometimes  four,  sometimes 
six  in  number ;  and  may  usually  be  recognised  by  the  naked  eye.    Each  of  them  bears 
at  its  apex  a  multitude  of  minute  tubes,  of  which  as  many  as  a  thousand  are  present  in 
some  species ;  so  that  the  delicate  thread,  by  which  these  creatures  suspend  themselves 
in  the  air,  must  frequently  be  composed  of  at  least  four  thousand  slender  filaments.  The 
substance  of  which  the  tlureads  are  composed  is  secreted  by  glandular  organs,  situated 
in  the  abdomen,  close  to  the  base  of  the  spinnerets.    It  is  a  yiscid  fluid,  which  speedily 
hardens  on  exposure  to  the  air.    The  spider  usually  commences  its  thread  by  applying 
the  spinnerets  to  some  fixed  object ;  to  this  the  glutinous  secretion  attaches  itself,  when 
the  moyements  of  the  creature  are  sufficient  to  draw  out  the  materials  necessary  for  the 
continuation  of  the  thread.    The  hind  feet  are  always  applied  to  the  thread  at  a  short 
distance  from  the  spinnerets,  probably  in  order  to  bring  the  numerous  filaments  into 
contact  before  their  hardening  has  proceeded  too  fSur  to  allow  of  their  adhesion.    This 
power  of  spinning  threads  is  of  the  greatest  importance  to  all  these  animals,  as  it  not 
only  serves  many  of  them  for  the  construction  of  dwellings,  and  of  nets  for  the  capture 
of  prey,  but  appears  to  be  constantly  employed  in  securing  them  from  falls  whilst  in 
motion,  or  in  descending  in  a  direct  line  from  an  elevated  position  to  some  object  below 
them.    Many  of  them  have  the  faculty  of  emitting  threads,  one  end  of  which  floats 
freely  in  the  air,  until  it  meets  with  some  object  to  which  it  adheres.    By  this  means 
spiders  often  form  natural  bridges,  by  whidi  they  can  pass  over  .brooks  and  ditches. 
Some  species  avail  themselves  of  the  same  power  to  take  long  flights  in  the  air,  where 
they  often  attain  great  altitudes.   Those  spiders,  whose  instinct  prompts  them  to  employ 
their  spinning  powers  in  regular  weaving  operations,  manifest  this  in  various  ways. 
Some— of  which  the  conmion  garden  Spider  {Epeira  diademay  Fig.  166)  is  an  excellent 
example — construct  a  beautiful  net,  composed  of  stout  radiating  lines,  intersected  at 
tolerably    regular  intervals  by  circtdar   filaments.     It   appears  that  the  latter  are 
beset  by  an  iomiense  number  of  viseid  globules,  which  doubtless  assist  greatly  in 
entangling  any  insect  that  is  so  unfortunate  as  to  come  in  contact  with  the  web  of  the 
destroyer.    The  mode  in  which  the  creature  forms  this  elegant  structure — its  readiness 
to  rush  out  of  its  concealment  the  moment  some  hapless  fly  has  become  entangled  in  its 
meshes— the  rapidity  with  which  it  shrouds  its  victim  in  a  silken  coat — and  the  care 
with  which  it  repairs  any  damage  done  to  its  net— -are  all  so  exceedingly  interesting, 
that  we  regret  that  our  space  will  not  permit  us  to  dwell  at  length  upon  these  points. 

The  nets  of  some  of  the  large  tropical  Spiders  are  said  to  be  of  strength 
sufficient  even  to  capture  small  birds.  Other  species — such  as  the  common  House- 
spider  {Aransa  \Tegenarui\  domesUea^  Fig.  158)— weave  a  dose  cloth-like  web,  usually 
placed  in  obscure  comers ;  this  is  furnished,  with  a  sort  of  fiinnel-shaped  cell,  within 
which  the  Spider  lies  in  wait  for  his  prey.  Others  again  employ  their  silk  merely  to 
line  the  holes  and  crevices  which  form  their  ordinary  places  of  abode ;  and  some  of 
these  exhibit  great  ingenuity  in  the  construction  of  their  nests.  Another  purpose,  to 
which  this  secretion  is  applied  by  all  Spiders,  is  the  formation  of  little  silky  cases,  or 
cocoons,  for  the  reception  of  the  eggs,  which  a  few  species  carry  about  with  them. 
Attempts  have  been  made  to  employ  this  silk,  which  differs  considerably  in  its  texture 
from  that  of  which  the  nets  are  constructed^  for  industrial  purposes ;  but  hitherto  with 
very  littie  success. 

The  Spiders  are  all  predaceous  animals,  and  generally  of  an  exceedingly  fierce  and 
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sanguinary  disposition.  They  prey  with  avidity  upon  insects  and  other  articulated 
animals  of  smaller  size  than  themselves ;  but,  unless  in  self-defence,  they  do  not 
appear  to  turn  their  weapons  against  the  higher  animals.  Nevertheless,  the  gigantic 
species  of  Mygdle,  which  inhabit  tropical  countries,  have  received  the  name  of  Bird- 
spidersy  from  a  belief  that  they  frequently  attack  and  devour  small  birds ;  and  Madame 
Men'an,  in  her  book  on  the  Insects  of  Surinam,  has  given  us  a  most  striking  representation 


Figr.  156.— Epeira  diadema. 


Fig.  157.— Theridion  Malmignatta. 


of  a  MygaU  in  the  act  of  devouring  a  small  bird,  which  he  has,  to  use  the  lady's  own 
expression,  "  torn  from  its 
nest."  It  is  to  be  feared, 
however,  that  in  this  in- 
stance, as  in  some  others, 
that  enthusiastic  natural- 
ist was  misled  by  Indian 
tales ;  for,  from  all  that  we 
know  of  the  Spiders  of  the 
genus  MygaUy  they  are 
strictiy  terrestrial  in  their 
habits,  and  generally  seek 
their  food  upon  the  sur- 
fjBUje  of  the  ground. 

DiTisions ^We  di- 
vide the  Spiders  into  three 
families,  distinguished  at 
once  by  differences  in 
their  structure  and  ha- 
bits. Those  of  the  first 
family,  the  Aranetdcey  have 
the  eyes  in  two  rows,  one 
behind  the  other,  the  ter- 
minal claw  of  the  man- 
dibles directed  inwards.  Fig.  158.— Aranea  (Tegenaria)  domesiica. 
and  the  palpi,  although  often  long,  never  converted  into  foot-like  organs.      They 
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usually  possess  six  spinnerets  and  only  a  single  pair  of  pulmonary  sacs.  All  these 
Spiders  spin  themselves  a  dwelling-place,  which  is  also  generally  connected  with  a  net 
for  the  capture  of  prey.  Perhaps  the  hest  known  of  these  is  the  Epeira  diadema  (Fig. 
156),  whose  threads  often  force  themselves  upon  our  attention  in  a  very  disagreeable 
manner. 

This  species  forms  one  of  the  most  beautiful  of  what  are  called  geometrical 
webs ;  many  of  the  others  form  a  somewhat  similar  structure,  although  without  dis- 
playing the  same  wonderful  regularity.  Of  these  the  Malmignatte  {Theridion  Malmip- 
natia,  Fig.  157),  a  Spider  much  dreaded  in  the  south  of  Europe,  is  an  example.  Our 
common  House  Spider  {Aranea  domestica.  Fig.  158)  is  another  well-known  species, 
offending  the  eyes  of  the  housewife  as  it  constantly  does  by  weaving  its  dusky  web 

_  in  all  dark  comers.    One  of  the  most 

remarkable  members  of  this  family  is 
the  Argyroneta  aqttatiea^  or  Diving 
Spider  (Fig.  169),  which  weaves  itself 
acuriouslittle  bell-shaped  dwelling  at 
the  bottom  of  the  water,  to  which  it 
retires  to  devour  its  prey.  As,  not- 
withstanding its  aquatic  habits,  this 
animal,  like  the  rest  of  its  order,  is 
Fiff.  159.-Diving  Spider  (Argyroneta  aquatica).  fitted  only  for  aerial  respiration,  it 

takes  care  to  fill  its  miniature  dome 
with  air,  which  it  carries  down  with  it  from  the  surface  amongst  the  hairs  with  which 
its  body  is  thickly  clothed ;  a  process  vciy  closely  resembling  that  by  which  the  earliest 
diving-bells  were  supplied  with  air. 

The  second  family,  the  Lycoaidae.,  agrees  in  the  structure  of  its  jaws  and  palpi,  and 
in  the  number  of  its  spinnerets,  with  the  Aranetda,  but  the  eyes  are  arranged  in  three 
rows.  Unlike  the  Araneidcn,  the  animals  of  this  family  never  construct  regular  webs 
for  the  capture  of  prey ;  their  utmost  exertion  of  instinct,  in  this  direction,  consisting  in 
laying  a  few  threads  in  the  neighbourhood  of  their  dwelling-place.  They  generally 
live  under  stones,  in  holes  in  the  earth,  or  in  old  walls,  sometimes  lining  their  habita- 
tions with  a  silken  tapestry ;  and  some,  which  live  upon  trees,  weave  themselves  a 
silken  nest  amongst  the  leaves  or  on  the  branches.  They  all  take  their  prey  by  force ; 
some  of  them  running  it  down  by  swiftness  of  foot,  whilst  others  spring  suddenly  upon 
their  unwary  victim.  Perhaps  the  most  celebrated  of  these  Spiders  is  the  Tarantula 
{Lycosa  tarantula)  of  southern  Europe,  whose  bite  is  supposed  by  the  natives  of  Italy  to 
cause  death,  unless  the  patient  be  relieved  by  music  and  violent  dancing.  Some  of  these 
Spiders  can  run  in  any  direction.  A  common  example  is  the  Salticus  scem'cus,  a  small 
species  banded  with  black  and  white,  which  may  frequently  be  met  with  on  garden 
walls.  Most  of  the  European  species  are  small ;  but  in  hot  climates  they  attain  a  size 
scarcely  inferior  to  those  giants  of  the  order  which  form  the  third  family,  the  Mygalidee 
In  these  (Fig.  90)  the  palpi  are  of  great  length,  terminated  by  a  claw.  The  last  joint 
also  has  a  regular  sole,  like  that  of  the  feet.  The  mandibles  are  of  very  large  size,  and 
their  terminal  claw  is  directed  downwards  (Fig.  138) ;  the  pulmonary  sacs  are  four  in 
number  (Fig.  140) ;  and  the  abdomen  bears  four  spinnerets  at  the  apex.  Some  of  these 
Spiders  attain  such  a  large  size  that  their  extended  legs  occupy  a  circle  of  six  or  seven 
inches  in  diameter;  and  it  is  to  these  that  the  practice  of  bird-catching  already 
alluded  to  has  been  ascribed.     Species  occur  on  the  shores  of  the  MeditciTanean ;  but 
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Fig.  160.— Nc6t  of  Cteniza. 


they  are,  for  the  most  port,  confined  to  tropical  countries.    They  resemble  the  Zyeosida 

in  their  habits,  generally  living  on  tiie  ground,  in 
holes,  or  under  stones.  Some  of  them  form  long 
twisted  burrows  for  themselves,  which  they  line 
with  silk ;  and  these  burrrows  sometimes  extend  as 
much  as  two  feet  below  the  surface  of  the  ground. 
Some,  like  the  Cteniza,  close  the  mouth  of  their 
subterranean  residence  with  a  most  ingeniously- 
constructed  trap-door  (Fig.  160),  which  the  in- 
habitant closes  with  the  utmost  pertinacity  when 
any  attempt  is  made  to  invade  the  privacy  of  his 
domicile.  Hence  the  Ctenizcc — of  which  several 
species  are  found  in  the  south  of  Europe,  and  on 
the  shores  of  the  Mediterranean — ^are  generally 
known  as  Trap-door  Spiders,    The  bite  of  the  large 

tropical  species  is  said  to  be  very  dangerous. 

C14A.S8  VII. — Myriapoda. 

General  Chaz&ctexs. — The  small  class  of  Myriapoda,  of  which  a  characteristic 
example  has  already  been  figured  (Fig.  3),  is  in  its  general  characters  very  closely  allied 
to  the  insects,  although  in  some  respects  it  appears  to  approach  the  Crustacea,  especially 
the  air-breathing  Isopods  {Oniscida:),  In  the  mature  state  their  bodies  are  generally 
elongated,  and  composed  of  numerous  segments,  of  whicb  only  the  first  and  last  exhibit 
any  difference  in  structure  fix)m  the  rest ;  the  articulations  of  the  body  being  generally 
exactly  similar,  and  bearing  each  one  or  two  pairs  of  jointed  legs.  The  head  always 
bears  a  pair  of  jointed  antennas,  very  similar  to  those  of  many  insects ;  and  behind  the 
insertion,  of  these,  on  each  side,  is  a  variable  number  of  simple  eyes,  which,  however, 
are  sometunea  wanting.  The  mouthy  in  its  general  structure,  bears  a  considerable 
resemblance  to  that  of  the  masticating  insects,  being  furnished  with  jaws,  palpi,  and  an 
upper  and  lower  lip.  Besides  these  organs,  it  is  armed  below  with  a  pair  of  powerful 
hooked  jaws,  which  are  perforated  at  their  extremity  apparently  for  the  emission  of  a 
venomous  fluid.    These  are  the  principal  agents  in  seizing  prey. 

The  succeeding  rings,  which  admit  of  no  division  into  thorax  and  abdomen,  are 
each,  furnished  with  one  or  two  legs  on  each  side ;  and  close  to  the  insertion  of  the 
feet,  the  stigmata,  through  which  the  air  passes  into  the  trachese,  are  situated.  It  is 
remarkable  that,  in  those  species  which  possess  two  pair  of  feet  on  each  ring,  each  ring 
also  bears  a  x>air  of  stigmata ;  whilst  in  those  which  have  the  rings  furnished  with  only 
a  single  pair  of  members  the  stigmata  occur  on  alternate  rings.  Hence  LatreiUe,  and 
after  him  several  naturalists,  have  considered  that  in  the  latter  case  the  rings  are  only 
half  segments,  two  of  which,  go  to  form  the  equivalent  of  the  segment  of  the  double- 
footed  fbnns.  The  tracheee  ]:amify  'through,  the  organs  of  the  body  in  exactly  the  same 
manner  as  those  of  insects. 

In  their  internal  anatomy  they  also  exhibit  a  great  resemblance  to  the  insects.  Their 
nervous  system  consists  of  a  series  of  ganglia  running  along  the  ventral  portion  of  the 
body,  and  usually  united  by  a  double  thread ;  and  the  circulation  is  effected  by  a  long 
cylindrical  dorsal  vessel,  the  structure  of  which  will  be  explained  under  the  following 
class.  The  Myriapoda  are  all  unisexual  animals.  The  orifices  of  the  generative  apparatus 
are  frequently  situated  at  the  anterior  portion  of  the  body.    In  some  Myriapoda  the 
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young,  on  first  escaping  from  the  egg,  possess  nearly  all  the  characters  of  their  parents, 
altiiough  the  number  of  segments  and  limbs  is  always  less,  and  increases  at  each  change 

of  skin ;  but  some,  as  the  luli,  undergo 
a  sort  of  metamorphosis  (Fig.  161)> 
coming  from  the  egg  either  quite  desti- 
tute of  feet,  or  furnished  with  only 
three  pairs  of  these  organs ;  and  it  is 
not  until  after  several  moultings  that 
V^^"^'^^  they  attain  the  same  number  of  legs 

Fig.  161,— Transformations  of  lulus,    «,  6,  c,  sue-      as  tJieir  parents.    This  process  appears 
cessive  &  ages.  ^  occupy  a  considerable  i)eriod ;  and, 

according  to  the  observations  of  Pro- 
fessor Savi,  the  luli  occupy  two  years  in  their  development  before  the  sexual  organs 
make  their  appearance.  This  metamorphosis,  such  as  it  is,  indicates  the  close  alliance 
of  these  creatures  with  the  insects ;  and  many  authors  either  include  them  in  the  class 
InsectOy  or,  retaining  them  in  a  separate  class,  associate  with  them  some  of  the  apterous 
insects  which  present  the  closest  resemblance  with  them  in  their  earlier  stages. 

DiTisions. — The  Myriapoda  form  two  orders — ^the  Chilopoda  and  the  Chiloffnaiha, 
which  may  be  readily  distinguished  by  the  structure  of  the  antenme ;  thosb  of  the  former 
never  being  composed  of  less  than  fourteen  joints,  whilst  those  of  the  second  order 
always  consist  of  seven  articulations. 

Obdea  I. — Chiiopoda. 

General  Characten. — These  animals  are  usually  of  a  flattened  form,  with  the 
rings  protected  both  above  and  bdow  by  a  more  or  less  flattened  homy  plate,  and  each 
ring  bears  only  a  single  pair  of  feet,  those  of  the  hinder  ring  being  directed  backwards 
in  the  form  of  a  pair  of  jointed  tails.  The  antenne  are  long  and  always  composed  of 
at  least  fourteen  joints.    The  structure  of  the  mouth  has  already  been  described. 

These  creatures  usually  live  in  the  earth  or  under  stones.  They  run  with  consi- 
derable swiftness  in  pursuit  of  their  prey,  and  can  even  progress  backwards  by  the 
assistance  of  their  tail-like  hind  legs,  which  at  other  times  are  dragged  helplessly 
behind  them.  Their  food  consists  of  insects,  which  they  seize  with  the  powerful  jaw- 
like organs  attached  to  the  lower  lip ;  and  these  organs  are  supposed  to  inject  a  poison 
into  the  wound  they  inflict.  The  bite  of  some  of  the  large  trc^ical  species  is  said  to 
be  exceedingly  painful,  and  even  more  injurious  than  that  of  the  Scorpion ;  although 
the  application  of  ammonia  to  the  wound  speedily  relieves  the  pain  of  the  bite. 

DiTisloaiB. — The  Chilopoda  are  divided  into  three  families — ^the  Cermatiidm,  the 
Scolopendridaf  and  the  Oeophilida*  The  Ctrmatiida  have  the  body  rather  short,  with  its 
upper  surface  covered  by  eight  plates,  its  ventral  surface  by  fifteen ;  the  legs  are  very 
long,  and  terminated  by  feet  composed  of  numerous  joints.  These  animals  are  all 
exotic,  and  generally  of  small  sixe.  They  conceal  them^ves  amongst  the  beams  and 
joists  of  houses. 

The  ScolopendridcBy  well  known  as  Centipedes  (see  Fig.  3),  have  the  body  long  and 
divided  into  an  equal  number  of  segments  on  both  surfaces,  with  the  legs  rather  short, 
but  stout  and  well  adapted  for  active  motion.  This  family  includes  all  the  most 
powerful  and  predacious  species,  those  of  hot  climates  certainly  attaining  a  length  of 
twelve  inches ;  and,  if  we  are  to  believe  some  travellers,  still  more  gigantic  species  are 
to  be  met  with  in  particularly  favourable  situations.    Thus  Ulloa  states  that  specimens 
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Fig.  162.— a,  Lithobius  forcipatns ;  5,  Geophilus 
longicomis. 


have  been  seen  in  Carthagena  exceeding  three  feet  in  length  and  five  inches  in  breadth) 
the  bite  of  which  is  said  to  be  mortal;  but  these  dimensions  are  so  far  above  those  of 
any  Centipedes  that  have  ever  been  brought  to  Europe,  that  we  may  be  pardoned  for 
receiving  them  with  some  little  incredu- 
lity. Our  British  species,  of  which  one 
of  the  commonest,  the  Zithobius  forci- 
patus,  is  here  represented  (Fig.  16'2), 
are  of  comparatively  smaU  size,  rarely- 
exceeding  two  inches  in  length;  but 
even  these,  when  seized,  will  turn  and 
attempt  to  fix  their  jaws  into  the  skin 
of  their  captor. 

The  GeophilidcBj  of  which  a  common  British  species  is  figured  above  (Fig.  162), 
are  distinguished  by  their  very  elongated  and  almost  thread-  like  bodies,  composed  of 
numerous  segments,  and  bearing  a  great  but  variable  number  of  feet.  Some  species 
are  phosphorescent  in  the  dark.  One  of  these,  the  GeophUtta  deetriousj  is  not  unfre- 
quently  met  with  in  the  neighbourhood  of  London. 

Ohdeb.  II. — Chelognatha. 
Genezal  Chazactexs. — In  the  ChUognatha  the  body  is  generally  of  a  convex 
form,  composed  of  numerous  homy  arches,  below  which  an  immense  multitude  of  little 
feet  may  be  seen,  whence  the  name  of  Millepedes,  or  thousand-legs,  by  which  these 
animals  are  commonly  known,  is  derived.  Each  segment  of  the  body  bears  two  pairs, 
of  limbs,  with  the  eicception  of  the  hindmost  segment,  which  is  destitute  of  those 
organs.  The  antennsB  are  short,  and  composed  only  of  seven  joints ;  and  the  powerful 
biting  jaws  of  the  Chilopoda  are  reduced  to  a  rudimentary  condition, — the  other  organs 
of  the  mouth  also  undergoing  considerable  modifications.  As  might  be  expected  from 
this  difference  in  the  structure  of  the  mouth,  the  food  of  these  animals  differs  greatly 
from  that  of  the  predaceous  members  of  the  preceding  order ;  and  the  Chihgnatha  are 
found  to  feed  principally  upon  vegetable  matters,  generally  when  in  a  state  of  decay. 
In  accordance  with  this  change  of  habit,  the  movements  of  the  creatures,  notwith- 
standing their  immense  number  of  legs,  are  always  very  slow,  and  they  generally 
endeavour  to  escape  danger  by  rolling  themselves  up  into  a  ball  (Fig.  165).  They  are 
to  be  met  with  constantly  in  damp  moss,  and  a  few  live  under  the  bark  of  trees. 

DiTisions. — ^The  first  of  the  four  families  into  which  the  ChUognatha  are  divided 
contains  only  a  single  minute,  but  very  curious,  creature,  which  is  often  found  in  great 
abundance  under  the  bark  of  old  trees.  It  is  about  a  sixth  of  an  inch  in  length,  com- 
posed of  eight  segments,  exclusive  of  the  head  and  tail.  On  each  side  of  the  body  there 
are  nine  tufts  of  little  curved  hairs ;  and  the  extremity  of  the  body  is  furnished  with  a 
tuft  of  longer  straight  hairs.  This  animal  is  the  Polyxenm  lagurus  ;  it  forms  the  type 
of  the  family  Polyxenida. 

In  the  second  family,  the  Poly- 
desmida,  the  form  of  the  body  ap- 
proaches that  of  the  Scolopendrida 
in  the  preceding  order,  being  flattened 
and  rather  soft ;  but  in  other  respects 
Fig.  l63.-Polyde8inus.  the  animals  resemble  the  Midte.  One 

species,  the  Polydesmtta  complanatm  (Fig.  163),  is  an  inhabitant  of  Britain. 
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Fig.  164.— lulus. 


Fig.  165.— lulus,  -with  the  body 
coiled  up,  and  tbe  front  of  the 
body  unrolledj-with  the  antennsB 
magnified. 


Fig.  166.— Glomeris 
marginato. 


In  the  lulidce  {lulus,  Fig.  164),  the  body  is  elongated,  and  nearly  of  a  cylindrical 

foxin,    bearing 
n9  inconsidera- 
ble resemblance 
to  a  thick  worm) 
in   which    the 
skin  has  become 
homy  and  di- 
vided into  nu- 
merous segments.     These  animals  arc  constantly  to  be  found  iu  damp  moss,  and 
sometimes  crawling  upon  trunks  of 
trees.       When    alarmed   they    coil 
themselves  up  in  a  spiral  form  (Fig. 
165),  with   the  feet    entirely  con- 
cealed.   Their  march  is  very  slow, 
and,  from    the  shortness   of  -their 
appears  more  like   a  gliding 
motion  than  a  walk. 

The  Glomeridte,  forming  the  fourth 
family,  have  a  short  oval  body, 
closely  resembling  that  of  the  Woodlouse,  which  they  also  resemble  in  their  habit  of 
rolling  themselves  into  a  perfect  ball  when  in  danger.  The  body  is  convex  above 
/md  concave  beneath,  where  it  is  furnished  with  a  row  of  small  scales  on  each  side. 
These  animals  live  under  stones. 

CL-VS.S   VIII. — IXSECTA. 

Geneva!  Ghaaractezs.— We  come  now  to  the  last  and  highest  class  of  articulated 
animals,  including  the  iimumerable  host  of  true  insects — creatures  which,  in  whatever  light 
we  view  them,  always  present  many  points  of  the  highest  interest  to  our  observation. 
Whether  we  consider  the  history  of  their  curious  transformations,  their  extraordinary 
and  often  beautiful  forms  and  colours,  their  wonderful  instincts,  and  the  close  approach 
to  reason  exhibited  by  some  of  them,  their  effects  upon  our  persons  and  property,  or  the 
extraordinary  means  by  which  nature  avails  herself  of  the  instincts  of  some  species  to 
put  a  check  upon  the  ravages  of  others — ^we  always  meet  with  much  to  command  our 
admiring  attention ;  sufficient,  in  fact,  to  render  the  study  of  insects  one  of  the  most 
attractive  pages  of  the  book  of  ^Nature.  Entomology  has  this  additional  recommendation^ 
that  it  is  one  of  those  branches  of  Zoology  that  may  be  pursued  in  any  situation. 
Insects  abound  everywhere ;  and  wherever  tliey  occur  their  habits  may  be  observed,  and 
their  structure  investigated.  We  regret,  therefore,  that  our  limits  forbid  us  from  giving 
more  than  a  very  bare  outline  of  their  history. 

Insects,  in  their  perfect  state,  are  distinguished  from  the  other  articulate  animals  by 
the  possession  of  six  legs  and  two  antennae,  and  by  the  division  of  the  body  into  three 
distinct  regions,  the  head,  thorax,  axid  abdomen  (see  Fig.  167),  of  which  the  second  bears 
the  organs  of  motion.  They  respire  by  tracheae,  are  generally  furnished  with  wings, 
and  almost  always  undeigo  a  series  of  transformations  (the  metamorphosis)  before  arriving 
at  their  mature  and  reproductive  form. 

Like  the  other  Arthropoda,  the  bodies  of  insects  are  composed  of  distinct  rings  or 
segments,  and  these  are  generally  of  a  homy  consistency,  united  to  each  other  by  a 
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membranous  skm  which  gives  flexibility  to  the  whole.  In  some  cases,  however,  the 
skin  isW  a  softer  texture ;  but  even  in  these  it  presents  sujB&oient  firmness  for  the 
attachment  of  the  muscles,  and  the  tubes  composing  the  limbs  are  generally  of  a  harder 


'"  Abdomen. 


Tarsus 

Fig.  167.— Anatomy  of  the  external  Skeleton  of  an  Insect. 

consistence  than  the  rest  of  the  integument.  The  number  of  segments  of  which  the 
body  of  an  insect  is  normally  composed  is  thirteen ;  but  some  of  them  are  occasionally 
amalgamated  together,  or  concealed  by  the  others,  so  as  to  make  it  appear  that  fewer 
segments  are  present. 

The  first  segment,  or  the  head,  is  composed  of  a  single  piece,  which  bears  the  eyes 
the  antennse,  and  the  organs  of 
the  mouth.  The  eyes  (Fig. 
168),  which  are  amongst  the 
most  wonderful  objects  in  na- 
ture, are  almost  always  of  the 
kind  called  compound;  that  is 
to  say,  they  consist  of  a  multi- 
tude of  little  hexagonal  facets, 
brought  close  togetiier  on  each 
side  of  the  head,  each  furnished 
with  a  cornea,  a  lens,  a  coating  of 
pigment,  and  a  nervous  fila- 
ment. The  number  of  these 
Httle  eyes  is  sometimes  most 
extraordinary.     The  eye  of  the  common  House-fly  has  4,000  of  them;    that  of  a 


Fig.  168.— Head  and  Eyes  of  the  Bee. 

a  a,  antennoj;  6,  ocelli;  A,  facets  enlarged;  B,  the  same 

with  hairs  growing  between  them. 
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Dragon-fly  more  than  12,000 ;  of  a  Butterfly  observed  by  Puget,  17,325 ;  and  that  of 
a  small  species  of  Beetle  (Mordella)  no  less  than  25,000.  In  addition  to  these 
compound  eyes,  many  insects  also  possess  two  or  three  ocelli^  or  simple  eyes  (Fig.  168), 
placed  on  the  head  between  the  large  compound  organs ;  these  appear  to  be  yery  similar 
in  their  structure  to  the  individual  eyes  of  which  the  compound  eyes  are  composed. 

The  antennae  are  usually  attached  to  the  £ront  of  the  head,  between  the  eyes.  They 
are  exceedingly  variable  in  their  form,  and  probably  vary  considerably  in  function, 
although  their  general  office  appears  to  be  that  of  organs  of  touch.  In  some  instances, 
however,  their  conformation  appears  to  indicate  that  they  are  the  organs  of  some  special 
sense ;  and  the  functions  of  smell  and  hearing  have  been  attributed  to  them  by  different 
observers.    In  their  most  ordinary  and  simple  form,  they  are  more  or  .less  filiform 


c:c7 


Fig.  169.— AntenneB  of  various  Insects. 

organs,  composed  of  a  very  variable  number  of  joints.  Sometimes  they  are  thickened  at 
the  base ;  sometimes  at  the  apex.  In  some  cases  the  whole  or  part  of  the  joints  are 
furmshed  with  one  or  more  processes,^ristles,  or  hairs,  giving  the  entire  organ  a  comb- 
like  or  feathered  appearance ;  in  others  the  terminal  joints  are  converted  into  broad 
plates,  folded  togetiier  like  the  leaves  of  a  book.  These,  and  several  other  forma,  are 
represented  in  the  annexed  figure  (Fig.  169) ;  and  we  shall  meet  with  a  still  greater 
variety  as  we  proceed. 

Tlje  structure  of  the  mouth 
in  insects  exhibits  very  remark- 
able modifications;  and  these 
are  of  the  utmost  importance 
in  the  classification  of  these 
creatures.  In  some  insects  the 
mouth  is  formed  exclusively  for 
biting ;  in  others,  as  exclusively 
for  suction;  whilst  in  others 
again  it  is  fitted  for  the  per- 
formance of  both  these  actions ; 
Fig.  170.-Head  of  Cockroach.     ^^  ^he  form  of  its  constituent 

"'nlaxXIdfi^aSlar^^^^^^^^^     Parts  of  course  undergoes  cor-  ^^.  m.^^;^oi^eUouti. 

<?,  tongue; /.labial  palpi ;  ^,    responding  changes, — ^but  the  ofCarabus. 

T^m. '  *'  ^^^"'P^^  ^y^'**    same  organs  really  exist  in  all,   «» ^^^^^^  "a^u^'  '' 
modified  in  appearance,  indeed,  '    ' 

so  as  sometimes  to  be  scarcely  recognizable. 
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In  the  masticating  or  biting  insects,  the  mouth  (Figs.  170,  171),  consists  of  six 
separate  organs ;  an  upper  lip  (labrum,  a)  attached  to  the  lower  part  of  the  front  of  the 
head ;  a  pair  of  homy,  curved,  biting  jaws  {mandibles,  b),  which  are  usually  armed  with 
teeth ;  a  pair  of  chewing  jaws  {maxUla,  c),  generally  composed  of  four  pieces,  and  bearing 
either  one  or  two  pairs  of  jointed  palpi ;  and  a  lower  lip  (labium,  d),  which  closes  the 
mouth  fix)m  beneath,  and  also  bears  a  single  pair  of  palpi  (Fig.  170,  e).  On  its  inner 
surface  it  is  furnished  with  a  membranous  or  fleshy  organ,  to  which  the  name  of  the 
tongue  has  been  given. 

Amongst  the  Bees  the  organs  of  the  mouth  take  another  form,  which,  whilst  it 
leaves  a  portion  of  them  fitted  for  biting,  converts  the  remainder  into  genuine  suctorial 


«  V" 

'  >j?      Antenna 

Mandible falj^ 

m 

^^R4'-  Labrum 

Maxillary  Palp  — ^M 

m 

Maxilla  -^Tf 

1 

W\  *L..   Lateral  Lobes  ot 
a.  \\          the  Tongue 

Labial  Palp  -^-—4 

SI.    "Tongue 

Q£h^ 


Fig.  172.— Head  of  Anthophora. 


Fig.  173.— Parts  of  the  Mouth  separated. 


organs  (Figs.  172,  173).  The  parts  thus  modified  are  the  maxillss  and  labium;  the 
former  (Fig.  173,  e)  become  greatly  elongated,  forming  a  sort  of  jointed  sheath  which 
incloses  the  elongated  tongue  (Fig.  173  rf),  constituting  a  tubular  organ  through  which 
the  fiuid  nourishment  of  these  crea- 
tures can  be  sucked  up.  The 
maadibles  and  labrum  (Fig.  173, 
a,  b)  retain  their  ordinary  form, 
and  the  former  are  constantly  em- 
ployed in  the  numerous  ingenious 
operations  which  these  industrious 
creatures  perform. 

The  suctorial  mouth  presents 
three  principal  forms.  In  the  But- 
terflies and  their  allies,  the  sucto- 
rial organ  consists  of  a  long  trunk, 
which,  when  at  rest,  is  coiled  up 
in  a  spiral  form  beneath  the  head 
(Fig.  174).     This  spiral  trunk  is 


Fig.  174.— Mouth  of  Sphinx. 
H,  head ;  e,  eye :  a,  antenncD ;  m^,  inaxillce  ;  mp,  mxail- 
lary  pajpi ;  l^,  labrum ;  l^t  labium ;  Ip,  labial  palpi ; 
m,  mandibles. 


composed  of  the  terminal  portion  of  the  maxiUsB,  which  are  more  or  less  elongated,  and 
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form  two  long  wrinkled  tabes,  adhering  together  along  their  inner  sni&cesy  and  farming 
a  double  tubular  organ,  through  which  their  possessor  suoks  the  juices  of  iiowen.  The  ' 
maxillary  palpi  are  generally  of  yery  small  size,  and  only  to  be  detected  by  dissection ; 
but  the  labium,  although  yery  small,  usually  bears  a  pair  of  yery  large,  hairy  i>alpi,  which 
form  the  cushions  between  which  the  trunk  is  coiled  up  when  at  rest.  The  mandibles 
and  labnun  are  also  present,  although  in  a  yery  rudimentary  condition,  and  always 
concealed  under  the  hairs  with  which  the  heads  of  Butterflies  are  clothed.  This 
structure  of  the  mouth,  which  is  characteristic  of  the  order  Lepidoptera^  will  be  easily 
understood  by  reference  to  the  annexed  figures  (Fig.  174),  in  which  the  organs  are 
represented  separate. 

In  another  form  of  suctorial  mouth,  which  is  characteristic  of  the  order  RhynehotOy 

including  the  Bugs  and  their  allies,  the 
mouth  is  furnished  with  a  jointed  rostrum, 
formed  by  the  coalescence  of  the  labial  palpi 
(Fig.  175  a] ;  this  is  in  fact  a  tube,  split 
down  the  front,  and  inclosing  four  bristle- 
like organs  (Fig.  175  d  e),  which  are  in 
reality  only  the  modified  mandibles  and 
maxiUsB.  By  means  of  these  bristles,  which 
are  sharp  at  the  point,  the  Rhynehota  wound 
the  tissues  of  the  animals  or  plants  upon 
the  juices  of  which  they  feed.  The  labrum 
is  generally  rather  elongated,  and  serves 
to  close  the  basal  joint  of  the  rostrum. 
"When  in  the  tube,  the  bristles  are  pressed  yery 
close  together,  and  two  of  them  generally 
adhere  in  such  a  manner  as  to  lead  to  the 
appearance  of  their  number  being  only  three 
(i) ;  they  are  inserted  into  the  head  by 
broad  bases  (c),  to  which  muscles  are  attached ;  and  by  the  action  of  these  they  are 
exserted  and  retracted. 

A  third  form  of  suctorial  apparatus  is  presented  by  the  D^tera,  or  two-winged  flies, 
of  which  the  common  House  Fly 


k 


Ti^.  175.— Buccal  apparatoB  of  an  Hemipterous 
Insect. 


is  a  familiar  example.  These  possess 
a  proboscis  (Fig.  176),  generally  of 
a  fleshy  texture ;  this  is  composed 
of  the  lower  lip,  is  usually  bent  up- 
wards at  a  short  distance  fix)m  its 
base,  and  terminated  by  a  broad  flap 
(the  representative  of  the  labial 
palpi),  which  is  constantly  used  as 
an  organ  of  touch.  The  upper  sur- 
face of  this  proboscis,  which  forms  a 
tube,  is  opened  below  the  knee-like 
bend,  to  give  issue  to  the  true  buccal  organs,  the  mandibles,  maxillse,  and  labrum,  which 
in  many  of  these  ftTiimalfl  acquire  the  form  of  bristles  or  lancets,  and  are  employed  in 
piercing  the  skins  of  other  n^nimalg  and  sucking  their  blood.  The  maxillfR  are  generally 
furnished  with  a  pair  of  palpi,  consisting  of  from  one  to  flve  joints ;  and  when,  as  is 


Fig.  176.— ProbosciB  of  a  Diptei*ou8  Insect  {Tabaniu), 

,  eyes;  a,  ocelli;  «»,  mandible;  nur,  maxilla;  i»p, max- 
illary palpus ;  /j,  labium. 
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sometimes  the  case,  the  maxiUsS)  with  the  other  internal  organs,  are  reduced  to  a  rudi- 
mentary condition,  the  maxillary  palpi  are  inserted  upon  the  stalk  of  the  lahium  at  or 
near  the  bend.  All  these  types  of  structure  undergo  great  modifications  in  different 
groups  of  insects ;  and  these  differences  furnish  some  of  the  most  important  characters 
for  the  classiffcation  of  these  animals. 

The  second  division  of  the  body  of  insects  is  always  composed  of  three  segments, 
although  these  are  frequentiy  amalgamated  together  in  such  a  manner  as  to  be  almost 
undistinguishable.  The  three  segments  together  form  the  thorax  (see  Fig.  167) ;  but 
they  are  individually  distinguished  by  names  indicative  of  their  position  in  the  body, 
the  first  being  called  the  protJwrax,  the  second  the  meaothoraXy  and  the  third  the 
metathorax.  They  vary  greatiy'in  their  comparative  size,  and  in  the  amount  of  their 
surface  visible  on  the  upper  part  of  the  body.  In  some  insects  all  the  segments  are 
equally  uncovered,  whilst  in  others  only  the  prothorax  is  visible  when  the  wings  are 
closed ;  and  every  intermediate  form  may  be  met  with. 

The  thoracic  segments  always  bear  the  organs  of  motion,  which,  in  most  insects, 
consist  of  six  legs  and  four  wings.  The  form  of  these  organs  is  very  various ;  but 
their  general  construction  is  always  similar.  The  centre  of  the  lower  surface  of  the 
thorax,  or  breast,  is  occupied  by  a  narrow  piece  called  the  sternum,  which  firequently 
projects  as  a  ridge  externally,  and  generally  gives  off  an  internal  process  for  the 
insertion  of  muscles.  On  each  side  of  this  are  the  sockets  for  the  legs,  of  which  each 
segment  of  the  thorax  bears  a  pair.  The  first  joint  of  the  legs,  called  the  coxa  (or  hip), 
is  sometimes  immoveably  attached  to  the  thorax,  sometimes  articulated  with  it  by  a 
sort  of  ball  and  socket  joint.  This  is  followed  by  a  second  piece,  the  trochanter,  which 
unites  the  long  thigh  (^femur)  to  the  coxa ;  this  varies  greatiy  in  its  form,  being  some- 
times ring-shaped,  sometimes  forming  a  triangtilar  piece  applied  against  the  base  of 
the  thigh.  The  thighs  are  generally  of  a  rounded  form,  frequentiy  thickened  in  the 
middle  or  towards  the  extremity ;  they  are  often,  especially  the  hinder  pair,  of  very 
large  size,  and  armed  with  spines  of  greater  or  less  magnitude.  The  shanks  (or  tibim), 
which  are  articulated  by  a  sort  of  hinge-joint  to  the  extremities  of  tiie  thighs,  arc 
generally  about  equal  to  these  in  length,  but  thinner,  and  frequentiy  more  or  less  flat- 
tened or  angular,  and  furnished  with  numerous  spines  or  bristies.  At  the  extremity  of 
the  tibia  comes  the  tarsttSy  or  foot,  which  sometimes  consists  of  one,  but  generally  of 
from  three  to  five  joints.  The  lower  surface  of  these  feet  is  generally  flattened  and 
converted  into  a  sort  of  sole,  covered 
with  very  close  set  hair  ;  and  the  apex 
of  the  last  joint  is  almost  always  fur- 
nished with  a  pair  of  claws,  often 
beautifully  toothed,  and  in  many  cases 
accompanied  by  a  pair  of  soft  mem- 
branous organs,  called  pulmlii,  which 
are  very  distinct  in  the  common  fly. 
These  adhere,  like  sucking-cups,  to  any 

object  against  which  they  may  be  ap-  pj  "  177.— Locust. 

plied,  and  thus  enable  their  possessors  to 
walk  securely  even  in  a  reversed  position.  The  legs  and  their  component  parts  undergo 
an  infinity  of  modifications  in  the  different  groups  of  insects ;  always,  however,  in 
exact  coincidence  with  the  habits  of  the  creatures, — ^in  leaping  insects,  such  as  the 
Grasshopper  and  the  Locust  (Fig.  177),  the  hinder  legs  are  much  lengthened  and  the 
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thighs  very  thick,  forming  powerfiil  jumping  organs.  In  many  aquatic  species 
{Dytieua  and  Notonecta)  the  legs  are  flattened  and  fringed  with  hairs  to  enable  these 
animals  to  swim  rapidly  through  the  water.    In  the  Mole  Cricket  (Fig.  178),  the  fore- 


Fig.  178.— Mole  Cricket  (Gryllotalpa). 

legs  become  modified  to  suit  the  creature  to  its  burrowing  habits;  whilst  in  the  Month, 
or  praying  insect  (Fig.  179),  these  limbs  are  converted  into  most  formidable  prehensile 
organs,  with  which  these  insects,  reputed  so  pious  by  the  inhabitants  of  the  countries 
where  they  are  found,  most  remorselessly  mangle  the  bodies  of  their  insect  prey. 
Many  other  modifications  of  these  organs  occur;  and  as  these  modifications  are  of  great 


Fig.  179.— Mantis  religiosa. 

importance  in  the  classification  of  insects,  we  shall  have  occasion  to  refer  to  them 

frequently  in  the  sequel. 

The  wings,  of  which  there  are  never  more  than  two  pairs,  are  attached  to  the 

second  and  third  thoracic  segments. 
They  are  generally  of  a  membranous 
texture;  but,  notwithstanding  the 
delicacy  which  they  often  exhibit, 
each  wing  is  found  to  consist  of  a 
double  membrane,  between  which  a 
variable  number  of  veins,  or  ner^ 
vures^  ramify  in  different  directions. 
These  serve  to  keep  the  wings  ex- 
tended ;  and  the  characters  afforded 
by  their  arrangement  are  often  of 
the  greatest  importance.  These 
nervures  appear  to  be  homy  tubes, 
accompanied  by  vessels ;  and  it  is 
probably  by  the  injection  of  fluid 
Fig.  180.— Callichroma  Moschata.  into  the  latter  that  the  extension  of 

the  folding  wings  of  many  insects  is  effected. 
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In  some  iiiBects  the  four  wings  are  all  of  a  similar  tezturC)  and  alike  available  in 
flight ;  whilst  in  others,  the  anterior  pair  acquire  a  firmer  consistence,  forming  a  sort 
of  case,  within  which  the  large  membranous  posterior  wings  can  be  folded  up  in 
repose. 

In  the  Beetles  (Fig.  180),  the  anterior  wings  generally  acquire  a  homy  consistency, 
and  constitute  a  regular  hard  shell,  covering  the  back  of  the  abdomen  and  the  wings 
when  the  insect  is  at  rest :  these  are  called  elytra.  In  the  Grasshoppers  and  Locusts, 
and  some  other  insects,  on  the  contrary,  the  anterior  wings,  although  much  stronger 
than  the  posterior,  are  still  flexible,  and  possess  only  a  parchment-like  texture,  in 
which  the  nervures  may  be  distinctly  recognized ;  whilst  in  the  Bugs,  the  basal 
portion  of  the  eljrtron,  is  generally  homy,  and  the  apical  portion  membranous.  The 
wings  are  generally  more  or  less  clothed  with  minute  hairs ;  these,  in  the  Butterflies 
and  allied  insects,  usually  acquire  the  form  of  flattened  scales,  to  which,  as  is  well 
known,  the  beautiful  colours  of  those  insects  are  due. 

Although  the  wings  of  insects  are  generally  four  in  number,  the  hinder  pair  is 
very  frequently  absent ;  and,  in  fact,  one  whole 
order  of  insects  is  characterized  by  the  possession 
of  only  one  pair  of  wings.  In  these  (Fig.  181) 
a  pair  of  small  knobbed  filaments,  which  stand 
on  the  sides  of  the  thorax  behind  the  wings, 
and  which  are  called  halteres  or  balancers,  have 
been  regarded  as  the  representatives  of  the  hind 
wings. 

Of  the  abdomen  in  general  but  little  can 
be  said.  It  consists  normally  of  nine  seg- 
ments ;  but  some  of  these  are  generally  con-  _^  ^^^  — Conoor 
cealed  by  the  others,  so  that  the  abdomen 
apx>6ars  to  be  composed  of  a  smaller  number  of  articulations.  In  some  instances  the 
segments  are  attached  edge  to  edge,  when  the  abdomen  exhibits  little  or  no  flexibility ; 
in  other  cases,  each  segment  slides  at  its  base  within  the  one  preceding  it,  so  that  the 
whole  is  capable  of  bending  to  a  certain  distance  in  some  directions.  The  orifice  of  the 
generative  organs  is  situated  at  the  extremity  of  the  abdomen,  which,  in  the  male,  is 
often  furnished  with  peculiar  organs  for  grasping  the  abdomen  of  the  female  during 
copulation,  and  in  the  female  with  instruments  of  very  various  structure,  adapted  for 
placing  the  eggs  in  the  situation  most  proper  for  their  development.  These  exquisitely 
beautiful  contrivances  will  be  described  hereafter  imder  the  different  groups  of  which 
they  are  characteristic.  The  apex  of  the  abdomen  is  also  sometimes  furnished  with 
appendages  not  connected  with  the  generative  organs ;  these  are  sometimes  long  filiform 
tails,  sometimes  bristle-like  organs,  by  means  of  which  the  insect  effects  considerable 
leaps.  In  the  Cockroaches,  and  some  other  insectSj  they  form  stout-jointed  bristles, 
resembling  short  antennae.  In  the  Earwigs  they  constitute  a  powerful  pair  of  forceps, 
often  of  great  length ;  whilst  the  aphides  are  furnished  with  a  pair  of  tubular  appendages 
fix>m  which  a  sweet  juice  exudes. 

The  intestinal  canal  always  forms  a  tube  of  variable  width  (Fig.  182),  formed  of 
three  membranous  layers,  running  from  one  extremity  of  the  body  to  the  other,  com- 
mencing behind  the  mouth  in  a  narrow  oesophagus,  and  usually  terminating  posteriorly 
in  a  somewhat  dilated  cavity,  the  cloaca,  which  also  receives  the  termination  of  the 

internal  generative  organs.    The  oesophagus  leads  first  into  a  membranous,  and  usually 
__ — ^_ ^ 
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folded  stomacli,  the  crop ;  from  this,  in^  the  masticating  insects,  the  food  passes  into 
a  second  stomach,  which,  from  its  heing  furnished  with  homy  plates  and  otiier  organs 
for  the  comminution  of  the  food,  has  received  the  name  of  gizzard.    Behind  this  is  the 

true  stomach,  in ,  which  the  process  of 
chj^ification  goes  on.  This  is  often 
covered  with  little  villi,  or  furnished 
with  glandular  organs,  which  appear  to 
secrete  a  gastric  juice  of  some  kind. 
The  remainder  of  the  canal  forms  the 
intestine,  which  is  usually  of  a  tubular 
form,  and  is  very  variable  in  length, 
sometimes  running  to  the  anal  opening 
with  but  littie  deviation ;  whilst  in  other 
cases  it  forms  several  convolutions  in 
the  anterior  of  the  abdomen.  The  length 
of  the  intestinal  canal  varies  greatly. 
In  the  carnivorous  and  suctorial  species 
it  is  usually  short — not  more  than  twice 
the  length  of  the  body— whilst  in  the 
vegetable -feeding  insects  it  is  much 
longer,  sometimes  attaining  a  length 
equal  to  eight  times  that  of  the  body. 
The  oesophagus  is  usually  furnished  with 
tubular  salivary  glands,  and  in  the  suc- 
torial insects  also  frequently  with  a 
bladder-like  organ,  the  sucking  stomach, 
by  the  dilatation  of  which  the  animals 
are  enabled  to  suck  up  their  fluid  nutri- 
ment. Behind  the  stomach  the  intestine 
receives  the  mouths  of  several  long  tubu- 
lar organs,  which  are  usually  considered 
to  secrete  a  matter  analogous  to  bile; 
whilst  the  anus  is  frequently  furnished 
with  similar  glands,  producing  an  acrid 
and  often  offensive  secretion. 

As  insects  possess  no  system  of  absor- 
bent vessels  like  tlu)se  of  the  higher 
animals,  the  portion  of  the  food  to  be 
assimilated  passes  through  the  walls  of 
the  stomach  into  the  cavity  of  the  body, 
when  it  mixes  with  the  blood  bathing  the  surface  of  the  organs,  and  thus  comes 
into  the  general  circulation.  The  circulation  is  effected  by  very  simple  means. 
The  heart  is  a  tubular  organ  running  along  the  back  of  the  insect,  and  hence  called 
the  dorsal  vessel— {a  in  the  diagram  Fig.  183).  This  is  formed  of  a  series  of  sacs 
opening  one  into  the  other,  from  behind  forwards,  in  such  a  manner  that  the 
folds  formed  by  the  junction  of  the  sacs  serve  as  valves  to  prevent  the  reflux  of 
the  blood.  The  blood  enters  this  vessel  from  the  cavity  of  the  body  by  a  series  of 
valvular  openings,  when  it  is  gradually  driven  forwards  by  the  successive  contraction 


Fig.  182.— Digestive  Apparatus  of  Beetle. 

a,  pharynx ;  6,  oesophagus ;  c,  crop ;  d,  giz- 
zard ;  c,  chyliflc  stomach ;  /,  small  intes- 
tine;  ^,  rectum ;  A,  biliary  vessels. 
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of  the  divisions  of  the  vessel,  until  it  escapes  in  the  neighbourhood  of  the  head.    It 
appears,  hovever,  that  after  this  it  is  no  longer  confined  within  vessels,  as  neither 


"Pig.  183.— Circulation  in  Insects. 

(The  arrows  indicate  the  course  of  the  blood). 

atreries  nor  veins  have  been  detected  in  the  bodies  of  insects,  but  that  it  gradually 

passes  back  through  the  spaces  left  between  the  internal  organs,  until  it  again  reaches 

the  heart. 

During  this  return  it  comes  in  contact  with  the  respiratory  organs,  which,  in  this 
class  of  animals,  consist  of  an  infinity  of  minute  tubes,  which  ramify- 
in  every  direction  through  the  body.  These  are  composed  of  a  mem- 
branous outer  coat,  which  is  kept  constantly  distended  by  a  minute 
cartilaginous  filament  coiled  up  in  a  spiral  form  (Fig,  184).  The  air 
penetrates  into  them  by  a  number  of  openings,  called  stigmata  or 
spiracles,  placed  on  each  side  of  the  body.  There  is  usually  one  pair 
to  each  segment,  with  the  exception  of  the  head,  and  terminal  segments 
of  the  abdomen.  The  spiracles  are  furnished  with  a  muscular  appa- 
ratus, by  which  the  insect  can  close  the  aperture  at  pleasure.  They 
are  frequently  situated  on  the  membrane  uniting  contiguous  seg- 
ments. 

The  most  general  form  of  the  nervous  system  in  insects  is  that  already  described 
and  figured  at  page  199,  Fig.  5,  although  many  of  these  animals  exhibit  a  striking 
departure  from  this  general  rule.  In  some  the  whole  of  the  ganglia  of  the  body  appear 
to  be  condensed  into  one  or  two  masses,  from  the  hindmost  of  which  the  abdominal 
nerves  radiate  in  all  directions,  whilst  others  present  various  intermediate  stages 
between  this  and  the  normal  form.  The  brain  consists  of  a  nervous  mass,  placed  above 
the  oesophagus ;  and  frt)m  this  the  nerves  of  the  principal  organs  of  sense,  the  eyes  and 
antennae,  are  given  off.  Below  the  oesophagus  is  another  ganglion,  united  with  the 
supra-oesophagral  ganglia  by  a  pair  of  nervous  threads,  which  form  a  collar  surrounding 
the  oesophagus.  From  the  lower  portion  of  this  ring  the  filaments  are  given  off  which 
unite  the  ganglia  of  the  body  with  those  of  the  head ;  and  these  filaments,  with  their 
ganglia,  always  run  along  the  lower  portion  of  the  body  immediately  within  the  skin 
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of  the  belly ;  the  alimentary-  canal  occupying  the  space  above  them,  and  this  again 
being  surmounted  by  the  dorsal  vessel.  Of  the  organs  of  sense  in  these  animals  we 
have  already  spoken.     Their  marvellous  inBtincts  will  be  described  hereafter. 

Insects  are  all  unisexual  animals.  Hermaphrodism,  where  it  occurs,  is  quite 
exceptional  in  its  nature,  and  very  rarely  gives  rise  to  individuals  capable  of  propa- 
gation. The  different  sexes  are  sometimes  imdistinguishable  by  external  characters, 
except  that  the  females  are  usually  l^ger  and  broader  than  the  males ;  but  in  most 
instances  the  structure  of  the  apex  of  the  abdomen  at  once  indicates  the  sex,  and,  inde- 
pendently of  characters  derived  from  this  part  of  the  body,  other  organs,  especially  the 
antenns6  and  tarsi,  often  present  very  gmai  differences  in  the  two  sexes.  Their  repro- 
duction is  also  essentially  oviparous,  although  some  species  are  ovo-viviparous — that  is 
to  say,  the  eggs  are  hatched  and  the  yoimg  developed  to  a  greater  or  less  extent  within 
the  body  of  tiie  parent ;  and  a  few  (the  Aphides)  are  truly  viviparous  at  certain  periods, 
the  young  being  produced  apparently  by  a  sort  of  internal  gemmation. 

In  their  regular  development  from  the  egg,  insects  in  general  pass  through  a  certain 
series  of  changes,  which  together  constitute  what  is  called  the  metamorphosis^  the  young 

animal  on  emerging  from  the 
egg  generally  exhibiting  an  ap- 
pearance very  different  from  that 
which  it  is  ultimately  destined  to 
assume.  The  degree  of  this  me- 
tamorphosis is,  however,  very 
different  in  different  groups  of 
insects.  In  its  most  complete  form, 
as  exemplified  in  the  Butterflies 
(Fig.  186),  Moths,  Beetles,  and 
many  other  insects,  the  meta- 
morphosis takes  place  in  three 
very  distinct  stages.  In  the  first, 
which  is  called  the  larva  state, 
the  insect  has  the  form  of  a  grub, 
sometimes  furnished  with  feet, 
sometimes  destitute  of  those 
organs.  Different  forms  of  insects 
in  this  state  are  popularly  kno¥ni 
as  caterpillars,  grubs,  and  mag- 
gots. During  this  period  of  its 
existence  the  whole  business  of 
the  insect  is  eating,  which  it 
usually  does  most  voraciously, 
changing  its  skin  repeatedly  to 
allow  for  the  rapid  increase  in 
its  bulk;  and  after  remaining 
in  this  form  for  a  certain  time,  which  varies  greatly  in  different  species,  it  passes 
to  the  second  period  of  its  existence,  in  which  it  is  denominated  a  pupa.  In  t>iia 
condition  the  insect  is  perfectly  quiescent,  neither  eating  nor  moving.  It  is  sometimes 
completely  inclosed  in  a  homy  case,  in  which  the  position  of  the  limbs  of  the  future 
insect  is  indicated  by  ridges  and  prominences,  sometimes  covered  with  a  case  of  a  softer 


Fig.  185.— Transformations  of  the  Swallow-tailed  Butterfly 
{Papilio  MacJuum),    a,  Larva;  5,  Pupa ;  e.  Imago. 
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consistence,  which  fits  closely  round  the  limbs,  as  well  as  the  body,  thus  leaving 
the  former  a  certain  amount  of  freedom.  Fupse  of  this  description  are  sometimes 
inclosed  within  the  dried  larva  sldn,  which  then  forms  a  homy  case  for  the  protection 
of  its  tender  and  helpless  inmate.  After  lying  in  this  manner,  with  scarcely  a  sign  of 
life  for  a  longer  or  shorter  period,  the  insect,  arrived  at  maturity,  bursts  from  its  prison 
in  the  fiill  enjoyment  of  all  its  faculties.  It  is  then  said  to  be  in  the  moffo  or  perfect 
state.  This  metamorphosis  is  one  of  the  most  remarkable  phenomena  in  the  history  of 
insects,  and  was  long  regarded  as  perhaps  the  most  marvellous  thing  in  nature ;  although 
recent  researches  have  shown  that  the  history  of  many  of  the  lower  animals  presents  us 
with  circumstances  equally  if  not  still  more  wonderful.  Nevertheless  the  meta- 
morphosis of  the  higher  insects  is  a  phenomenon  which  cannot  fail  to  arrest  our 
attention.  To  see  the  same  animal  appearing  first  as  a  soft  worm-like  creature,  crawling 
slowly  along,  and  devouring  everything  that  comes  in  its  way,  and  then,  after  an  inter- 
mediate period  of  death-like  repose,  emerging  from  its  quiescent  state,  furnished  with 
wings,  adorned  with  brilliant  colours,  and  confined  in  its  choice  of  food  to  the  most 
delicate  fluids  of  the  vegetable  kingdom,  is  a  spectacle  that  must  be  regarded  with  the 
highest  interest ;  especially  when  we  remember  that  these  dissimilar  creatures  are  all 
composed  of  the  same  elements,  and  that  the  principal  organs  of  the  adult  animal  were 
in  a  manner  shadowed  out  in  all  its  previous  stages. 

But  although  the  majority  of  the  class  Insecta  undergo  a  complete  metamorphosis  of 
this  description,  there  are  many  in  which  the  only  transformation  consists  in  a  series 
of  changes  of  skin,  without  any  ^ 

interval  of  rest ;  the  larva,  which 
from  the  first  presents  a  certain 
degree '  of  resemblance  to  its 
parent,  gradually  acquiring  those 
organs  which  it  originally  wanted. 
In  this  metamorphosis,  which  is 
called  ineompUUy  the  principal 
difference  between  the  larva  and 
the  imago  consists  in  the  absence 
of  wings-  (Fig.  186),  which  first 
make  their  appearance  in  the  form 
of  thick  lobes,  inclosed  in  cases, 
in  the  course  of  the  last  changes 
of  the  skin.  The  joints  of  the 
antenne  and  tarsi  are  also  some- 
times fewer  in  number ;  and  the 

ocelli,  or  simple  eyes,  are  gene-  '•^^^^S^^'^^^ZXit^^*^  _ 

rally  wanting  in  the  larva,  when  ^  i86.-Tran8fonn7tion8  of  the  Great  Green'orasshopper 
present  in  the  perfect  insect.  In  (Gryllus  Viridissimus).  a,  Larva;  6,  Pupa;  x,  wing 
some  insects,  such  as  the  Dragon-        ^P^«»  *  ^'  ^^»°- 

flies,  the  May-flies  (Fig.  187),  and  some  others,  the  larvae,  which  are  aquatic,  present 
a  greater  difference  from  the  perfect  insect  than  in  the  cases  above]]referredto ;  although 
the  pupa  is  active  and  continues  to  feed  until  the  time  of  its  arrival  at  the  imago  state. 
We  may  therefore  call  this  a  aub-comphte  metamorphosis.  Lastly,  a  few  insects,  which 
possess  no  wings  in  the  perfect  state,  undergo  no  change,  except  in  size,  from  the  time 
of  their  emergence  from  the  egg,  to  that  of  their  reaching  maturity. 
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Divisionat — ^In  accordance  with  these  peculiarities  of  the  metamorphosiB,  the 

class  of  insects  may  be  divided 
into  three  suh-classes.  In  one, 
the  animals  are  apterous  in  all 
stages,  and  undergo  no  change  of 
form;  these  are  called  Ituecta 
Ametaboia.  In  a  second,  the  larvae 
present  a  more  or  less  close  re- 
semblance to  the  perfect  insects, 
but  possess  no  wings,  which 
make  their  appearance  in  the 
form  of  lobes  or  tubercles  on  the 
back  of  the  pupa.  The  latter  is 
Fig.  187.— May-fij  (Ephemera  vulgata) :  Larva,  Pupa,  and  generally  active,  and  continues 
*^°'  to  eat,   but  in  some   cases   is 

quiescent;  these  are  the  Imecta  JECemimetabola. 

In  the  third  sub-class  the  metamorphosis  is  complete ;  the  larva,  pupa,  and  imago 
states  constituting  three  distinct  phases  of  life  ;  the  second  being  always .  quiescent. 
These  are  the  Imecta  Metabola, 

Some  entomologists,  amongst  whom  we  may  mention  Professor  Burmeistcr,  of  Halle, 
deny  the  existence  of  the  first  of  these  groups,  distributing  the  insects  which  form  it 
amongst  the  orders  of  the  second  sub-class ;  whilst  Mr.  "West wood  arranges  the  Ametaboia 
with  the  Myriapoda  in  a  class  distinct  from  the  Ptilotay  or  winged  insects;  but  we  have 
not  considered  ourselves  justified  in  adopting  either  of  these  views. 

These  sub-classes  are  further  divided  into  orders  principally  from  character^  derived 
from  the  structure  of  the  mouth  and  wings.  Of  these  the  Ametaboia  include  three, — 
the  Anoptura,  or  Lice,  possessing  a  suctorial  mouth ;  the  Mallophaga,  or  Bird-lice,  with 
biting  oral  organs,  but  without  caudal  appendages ;  and  the  Thysanura,  or  Spring-tails, 
with  mandibulate  mouths,  and  with  two  or  more  bristles  attached  to  the  caudal  extre- 
mity. The  Semimetdbola  include  three  principal  orders,  of  which  one,  the  Rhynchota, 
including  the  Bugs  and  Cicadse,  is  characterised  by  the  possession  of  a  jointed  suctorial 
rostrum,  whilst  the  other  two  are  mandibulate.  In  one  of  these,  the  Orthoptera, 
the  wings  arc  unequal ;  the  posterior  membranous  pair  being  the  largest,  and  folded 
up  in  repose  beneath  the  anterior  pair,  which  are  generally  coriaceous  in  their 
texture.  A  second,  the  Neuroptera,  has  the  wings  generally  equal  in  size  and  similar 
in  consistence.  Some  of  these  have  quiescent  pupie.  A  fourth  small  order,  the  jP%- 
sopoda,  consisting  of  minute  insects  nearly  allied  to  the  Orihcptera,  is  characterised 
by  the  possession  of  four  narrow  flat  wings,  without  nervures,  but  furnished  with  a 
fringe  of  fine  hairs. 

The  third  sub-class,  the  Metabola,  is  divided  into  six  orders,  of  which  three  have 
the  mouth  completely  suctorial;  whilst  in  the  others  some  of  the  oral  organs  are 
always  formed  for  biting.  01  the  suctorial  Metabola,  the  Aphaniptera  (a  little  order 
including  only  the  Fleas)  have  the  thoracic  segments  distinctly  separated,  and  the  wings 
represented  only  by  two  homy  plates  on  each  side  of  thebody. 

In  the  two  other  suctorial  orders  the  segments  of  the  thorax  are  more  or  less  com- 
pletely fused  into  a  mass.  Of  these,  the  Dipiera,  or  Flies,  are  distinguished  by  their 
short  proboscis,  and  by  the  possession  of  only  a  single  pair  of  wings ;  the  position 
of  the  hinder  pair  being  occupied  by  knobbed  filiform  organs;   whilst  the  Zept- 
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doptera^  including  the  well-  known  Butterflies  and  Moths,  are  furnished  with  a 
ffpiral  trunk,  and  with  four  large  scaly  wings  (Fig.  185).  Of  the  mandibulate 
orders  of  this  section,  the  Hymencpterck  are  characterized  by  their  four  more  or 
less  membranous  veined  wings,  of  which  the  posterior  pair  are  always  the  smallest ; 
whilst  the  Goleopiera,  or  Beetles,  are  distinguished  by  the  homy  consistency  of  their 
anterior  wings,  which  serve  merely  as  cases  for  the  protection  of  the  delicate  mem- 
branous hinder  pair.  A  third  mandibulate  order,  the  curious  Strepsiptera,  or  Bee- 
parasites,  apparently  allied  to  the  CoUopteray  have  the  anterior  wings  reduced  to  a 
rudimentary  condition,  forming  a  pair  of  singularly  twisted  appendages  placed  on  the 
mesothorax ;  whilst  the  hinder  wings  are  of  largo  size,  and  fold  up  like  a  fan  during 
repose.    The  females  are  apterous. 

Sub-class  I. — Ametabola. 

Ordeb  I. — Anopluba. 

Neither  the  habits  nor  the  appearance  of  the  insects  forming  the  present  order 
are  such  as  to  render  them  particularly  attractive  objects.      SmaU  as  they  are,  perhaps 
no  other  insects  inspire  so  much  disgust  as 
lice ;  being  generally  regarded  as  the  con- 
comitants of  dirty  habits.      They  have  a 
flattened  and  semi-transparent  body,  with 
a  distinctly  separated  head,  which  bears  a 
pair  of  short  five-jointed  antennas  and  one 
or  two  simple  eyes  on  each  side,  and  is 
furnished  beneath  with  a  soft  retractile  pro- 
boscis, within  which  are  four  bristle- like 
organs,  the  analogues  of  the  mandibles  and 
maxillae.    There  is  rarely  any  distinction 
between     the     thoracic     and    abdominal       Fipr.  188.— a,  the  Common  Louse;  6,  magni- 
i.  *.     av  i.    av     r  fied ;  c.  one  of  the  legs  magnified ;  d,  eggs ; 

segments,    except    that    the  former    are  c,  ditto  magnified. 

furnished  with  three  pairs  of  stout  legs, 

terminated  either  by  a  strong  hook  or  by  a  pair  of  clasping  claws  (Fig.  188). 

These  animals  are  all  parasitic  upon  mammiferous  animals,  of  which  almost  every 
species  has  its  peculiar  louse,  whilst  some  of  them  harbour  three  or  four  distinct  species 
of  these  parasites.  Four  species  inhabit  the  human  subject,  three  of  them  being  of 
ordinary  occurrence,  whilst  the  fourth,  the  Pediculus  tabescentiumy  has  only  been 
occasionally  observed,  but  always  in  vast  numbers,  either  causing  or  accompanying  a 
complaint  under  which  the  patient  appears  gradually  to  waste  away.  Several  instances 
are  recorded  in  ancient  authors  of  death  being  caused  by  this  disease,  which  is  termed 
phihiriasis  (from  the  Greek  phtheir,  a  louse) ;  and  although,  in  some  of  these  cases,  the 
mischief  appears  rather  to  be  attributable  to  mites,  allied  to  the  Sarcoptes  scabiei  (page 
319,  Fig.  147),  yet  the  occurrence  of  vast  quantities  of  Pediculi  upon  an  old  woman, 
which  was  observed  some  years  sinc^  at  Bonn,  would  seem  to  show  that  true  Lice  may 
have  been  the  aggressors  in  some  of  the  fatal  cases  on  record. 

These  insects  generally  infest  those  parts  of  their  hosts  which  are  most  thickly 
covered  with  hair,  amongst  which  they  creep  about  with  ease  by  means  of  their 
grasping  claws.    They  attach  their  eggs,  which  are  of  a  pear  shape,  to  the  hairs,  and 
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the  young  are  excluded  in  a  few  days.  They  undergo  no  metamorphosis,  and  are  soon 
capahle  of  reproduction ;  so  that  their  numhers  rapidly  increase,  when  proper  measures 
for  their  eradication  are  neglected.  Burmeister  arranges  the  Anoplura  with  the 
Rhynchoia. 

Obdeb  II. — Mallophaga. 

Oenezal  Chazacten. — This  smaU  order  is  composed  of  insects  bearing  a 
general  resemblance  to  the  Lice,  with  which,  in  fact,  they  are  arranged  by  many 
authors;  whilst  Burmeister,  whose  system  admits  no  orders  of  apterous  insects, 
places  them  with  the  Orthoptera  in  his  order  Crymnognatha,  They  differ  from  the 
Anoplura,  in  having  the  mouth  always  formed  for  biting,  being  furnished  with  a 
pair  of  hooked  mandibles,  and  distinct  upper  and  lower  lips,  and  sometimes  with  a 
slender  pair  of  palpigerous  maxillsB.  This  difference  in  structure  is  accompanied  by  a 
corresponding  difference  in  habits.  Instead  of  sucking  the  blood  of  the  animals  on 
which  they  are  parasitic,  the  MaUopJutga  devour  the  most  delicate  portions  of  their 
hair  or  feathers ;  frequently  attacking  these  organs  at  the  moment  of  their  sprouting 
through  the  skin.  They  are  especially  common  upon  birds,  few  of  them  being  free  fr^m 
such  parasites ;  and  some  species  also  infest  quadrupeds.  As  nearly  every  species  of 
bird  has  at  least  one  of  these  parasites  peculiar  to  itself  their  numbers,  as  might  be 
expected,  are  by  no  means  small,  and  they  have  been  formed  into  numerous  genera. 
Burmeister  divides  them  into  two  families — the  PhUopUridiB,  with  filiform  antennse,  and 
without  ULaxillary  palpi,  and  the  LioiheidcB,  with  maxillary  palpi  and  davate  antennae. 

Ordeb  III. — Thysantjba. 
Genezal  Characters. — ^This  order  includes  a  small  number  of  mandibulate 
insects,  referred  by  Burmeister,  like  those  of  the  preceding  order,  to  the  neighbourhood 
of  the  Orthoptera,  They  are  distinguished  from  the  other  Ametabola  by  the  possession 
of  caudal  appendages,  by  means  of  which  most  of  them  are  enabled  to  execute  consi- 
derable springs.  The  body  is  clothed  with  hairs  or  scales.  The  head  is  sometimes  free, 
sometimes  concealed  beneath  the  prothoracic  segment.  The  eyes,  in  some  species,  are 
oompoimd ;  but  the  majority  are  only  furnished  with  a  group  of  simple  eyes  on  each 
side  of  the  head ;  and  the  mouth  is  composed  of  an  upper  and  lower  lip,  a  pair  of  man- 
dibles, and  a  pair  of  maxiUsB ;  the  lower  Hp  and  maxillse  being^usually  furnished  with 
palpi. 

DiTiBions. — They  form  two  families— the  Podurida,  or  Spring-tails,  and  the 

ZepismidiB.  In  the  former  the  caudal  appendage 
has  the  form  of  a  forked  tail  (Podura,  Fig.  189), 
which  is  bent  under  the  animal  when  not  in  use, 
and  by  its  sudden  extension  causes  the  animal  to 
spring,  often  to  a  great  distance  in  comparison 
with  its  size.  The  head  is  distinct ;  the  antennae 
short,  and  generally  four-jointed ;  the  simple  eyes 

Fig.  189.— Podura.  ^^  ^^  ®*8^*  °^  ®^^  ^^^®  J  *°^  ^®  P^pi  very 

short,  and  composed  only  of  a  single  joint.  The 
body  is  covered  with  numerous  minute  scales,  often  of  a  beautiful  silvery  or  pearly 
lustre,  and  curiously  striated,  which  are  frequently  employed  as  test  objects  for  the 
microscope.  The  insects  usually  Hve  in  moist  places,  imder  leaves,  in  considerable 
numbers.  Some  species  may  be  found  jumping  about  on  the  surfiEtce  of  the  water,  whilst 
otbfirs  are  met  with  in  profusion  upon  snow  and  ice. 
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The  Zepismida  {MaehiliSf  Fig.  190),  have  a  spindle-shaped  hody,  usually  covered  with 
silvery  scales,  and  furnished  along  the  sides  of  the  abdomen 
with  a  series  of  appendages  or  false  feet,  besides  several  long> 
jointed,  bristle-like  organs  at  its  extremity.  The  head  is 
concealed  under  the  prothorax ;  the  eyes  are  usually  com- 
pound, and  frequently  occupy  the  whole  of  the  head ;  the 
antennae  are  very  long,  and  composed  of  numerous  joints ; 
and  the  maxillary  palpi,  which  consist  of  from  five  to  seven 
joints,  are  very  conspicuous. 

These  insects  generally  inhabit  moist  places  under  stones? 
in  woods,  and  similar  localities.  The  most  common  species, 
Lepisma  Saccharinay  is  frequently  found  about  houses,  espe- 
cially in  sash  frames.  They  are  very  active,  and  many  of 
them  jump  well ;  but  they  generally  conceal  themselves  during 
the  day,  and  seek  their  food,  which  appears  to  consist  of 
vegetable  matter,  by  night. 

Sub-class  II. — Hemimetabola. 

The  majority  of  the  insects  of  this  sub-class  are  active  in 
all  stages  of  their  existence;  and,  as  a  general  rule,  the  prin- 
cipal differences  between  the  larva  at  its  exclusion  from  the 
egQy  and  the  perfect  insect,  consist  in  its  smaller  size,  and  in 
the  absence  of  wings.    In  the  last  order  of  this  section,  the 

Neuroptera,  the  difference  between  the  larva  and  the  perfect 

A  1.  3  •  r  XV        •         X    xi.  Fig.  190.— Machilis. 

insect  becomes  greater,  and  in  some  of  these  insects  the  pupa  * 

stage  is  passed  in  a  quiescent  state ;  but  in  these  the  pupee  still  retain  the  power  of 

motion. 

Obdbr  IV.— Rhtnchota. 

Genexal  Chajracten. — ^The  order  Rhynchoiay  corresponding  with  the  Hemiptera 
of  Latreille,  is  distinguished  from,  the  other  insects  with  an  imperfect  metamorphosis, 
by  the  possession  of  a  suctorial  mouth.  This  consists  of  a  more  or  less  flexible  jointed 
rostrum,  composed  of  the  labial  palpi,  which  forms  a  sheath  within  which  four  bristles, 
the  analogues  of  the  mandibles  and  maxillae,  are  contained  and  protected  from  injury. 
By  means  of  these  bristles  the  insect  wounds  the  plants  or  animals  upon  the  juices  of 
which  it  feeds,  and  the  fluid  nutriment  is  then  sucked  up  by  the  action  of  an  inflated 
tippendage  of  the  oesophagus.  The  head  always  bears  a  pair  of  compoimd  eyes,  and 
usually  either  two  or  three  ocelli. 

Most  of  these  insects  possess  four  wings,  which  vary  considerably  in  their  structure. 
The  segments  of  the  thorax  are  usually  distinctly  separated.  The  legs  are  generally 
formed  for  walking ;  but  the  anterior  pair  are  sometimes  converted  into  raptorial  organs ; 
and  in  the  aquatic  species  the  hinder  legs  are  generally  flattened,  and  fringed  with 
bristles,  to  render  them  eificient  organs  of  natation. 

Sivisions. — ^The  order  Rhynehota  may  be  divided  into  two  sub-orders,  which,  in 
fact,  have  frequently  been  regarded  as  distinct  orders,  especially  by  English  entomolo- 
gists. In  the  first,  the  Somoptera,  the  anterior  wings  are  usually  of  similar  consistence 
throughout,  and  the  mouth  is  turned  backwards,  so  that  the  rostrum  springs  fr*om  the 
base  of  the  head,  and,  in  some  instances,  apparently  from  the  breast.     In  the  second 
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sub-order,  the  Heteropteray  the  anterior  wings  are  almost  al:ways  of  a  homy  consistence 
from  the  base  to  the  middle,  or  even  further ;  the  remainder  of  the  wing  being  mem- 
branons,  and  the  line  of  demarcation  between  the  two  parts  perfectly  distinct;  in 
these  the  rostrum  springs  from  the  anterior  portion  of  the  head. 

Sub-order  I. — Homoptera. 
The  Homoptera  form  three  great  gi-oups  or  tribes.  The  first,  the  Coccina^  is  com- 
posed of  numerous  minute  insects,  of  which  the  history  is  stUl  very  imperfectly  known. 
Of  these  the  tarsi  have  only  one  joint.  The  males  are  furnished  with  two  wings,  with 
a  few  straight  nervures ;  they  are  destitute  of  a  rostrum,  and  pass  their  pupa  stage  in 
a  state  of  repose.  The  females  are  destitute  of  wings,  possess  a  rostrum,  and  appear  to 
undergo  no  metamorphosis  whatever.  These  curious  little  creatures,  whose  history  is 
so  singular  that  some  authors  have  proposed  the  formation  of  a  separate  order  for  their 
reception,  are  principally  inhabitants  of  the  warmer  regions  of  the  earth,  althougli 
many  species  are  found  in  our  own  country,  where  some  of  them  are  well  known  to 
gardeners  under  the  name  of  "  the  bug,"  from  the  injury  they  do  to  many  plants, 
especially  in  hot-houses. 

Nothing  can  well  be  more  dissimilar  in  appearance  than  the  two  sexes  of  these 
singular  insects  (Fig.  191).  The  females  usually  form  a  mere  fleshy  mass,  often 
nearly  destitute  of  limbs,  and  remaining  attached  to  one  spot  upon  the  branches  of  the 
plant  infested  by  them,  from  which  they  continue  to  suck  nutriment,  by  the  agency  of 

their  rostrum,  until  they  attain  a  consider- 
able size.  The  males,  on  the  contrary,  are 
generally  very  minute  and  really  elegant 
creatures,  famished  with  a  single  pair  of 
•filmy  wings ;  the  only  representatives  of 
the  hinder  wings  being  a  pair  of  organs 
somewhat  similar  to  the  halteres  of  the  Dip- 
tera.  Hence  some  entomologists  have  put 
forward  the  opinion  that  the  males  of  the 
Cocdna  are,  in  reality,  dipterous  parasites ; 
but  this  view  is  quite  untenable.  The 
abdomen  of  the  male  is  generally  furnished 
with  a  pair  of  long  filaments.  In  some 
instances  the  females  retain  their  limbs  and 
power  of  motion  through  life. 

The  larvsD  of  these  insects  are  minute,  oval  creatures,  resembling  little  "Woodlice, 
which  creep  freely  about  the  plants  they  inhabit,  and  Hve  without  any  apparent 
change  through  the  winter, — at  least  this  is  the  case  in  one  British  species  (the  Coeeus 
aceris)y  as  observed  both  by  Mr.  Westwood  and  the  author.  In  the  spring  the  females 
become  remarkable  by  their  increased  size  ;  they  attach  themselves  to  the  branches  of 
the  sycamores,  on  which  they  live,  and  gradually  swell  until  they  resemble  fleshy 
excrescences,  about  the  size  of  a  small  pea.  At  the  same  time  the  males  change  to 
the  pupa  state  beneath  the  skin  of  the  larva,  which  then  resemble  little  oval  scales 
attached  to  the  bark.  In  the  month  of  May  the  males  acquire  their  full  development, 
and  when  nearly  ready  for  exclusion  their  little  white  tails  may  be  seen  projecting 
from  beneath  the  grayish  case  formed  by  the  skin  of  the  larva.  They  emerge  back- 
wards, so  that  the  wings  are  pulled  up  over  their  heads,  and  immediately  on  leaving 


Fiff.  191.— Cochineal  Insect  (Coccns  cacti). 
A,  male ;  C,  female. 
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their  case  they  seek  the  female.  After  the  impregnation  of  their  disproportionate  partners, 
the  great  end  of  their  existence,  the  males  disappear ;  but  the  fiamales  continue  growing 
for  some  time,  and  at  last  lay  their  eggs  in  the  midst  of  a  mass  of  white  cottony 
matter,  between  the  bark  of  the  tree  and  the  lower  surface  of  their  own  bodies.  The 
latter  at  length  become  nothing  but  dry  conyex  shells,  beneath  which  the  young  are 
hatched.    The  development  of  the  other  species  of  the  order  is  very  similar. 

Nor  is  the  singularity  of  their  natural  history  the  only  claim  that  these  insects 
have  upon  our  attention.  Lowly  as  they  may  be,  in  point  of  organization,  there  are 
few  insects  that  exceed  them  in  commercial  importance.  The  finest  red  dyes  known 
to  our  manufacturers  are  derived  from  these  creatures.  The  Zecanium  Ilieis,  which 
inhabits  the  Ilex  or  ever-green  oak  of  the  countries  round  the  Mediterranean,  was 
employed  for  this  purpose  by  the  ancient  Greeks  and  Bomans,  as  it  is  still  by  the 
Arabs;  and  imtil  the  introduction  of  the  Mexican  cochineal,  another  species,  the 
Porphyrcphora  pohniea,  which  lives  on  the  roots  of  the  Scleranthus  perrmnia  in  Central 
Europe,  was  much  used  for  the  same  purpose.  The  Mexican  cochineal,  which  has 
driven  the  others  out  of  the  field,  is  also  a  species  belonging  to  this  group,  the  Coccus 
eaeti  (Fig.  191),  which  lives  as  a  parasite  upon  the  Nopal,  or  Cdcttis  opuntior—a.  plant 
very  common  in  Central  America.  The  commercial  importance  of  this  insect  is  shown 
by  the  fact,  that  in  1850  no  less  than  2,514,512  lbs.  of  cochineal  were  imported  into 
Great  Britain  alone ;  and  as  about  70,000  insects  are  supposed  to  be  contained  in  a 
pound  of  this  substance,  we  may  form  some  idea  of  the  numbers  annually  destroyed. 
For  many  years  the  cultivation  of  cochineal  was  entirely  confined  to  Mexico ;  but  the 
insect  has  lately  been  introduced  into  Spain  and  the  French  possessions  in  Africa,  with 
some  prospect  of  success.  A  fourth  species,  of  great  importance,  is  the  lac  insect 
(Oaeetts  lacca),  an  inhabitant  of  the  East  Indies,  where  it  feeds  upon  the  Banian-tree 
(Fietta  reltgiosa),  and  some  other  trees.  To  this  insect  we  are  indebted,  not  only  for  the 
dye-stufis  known  as  lac-dye  and  lac-lakey  of  which  upwards  of  18,000  cwts.  were 
imported  in  1850,  but  also  for  the  well-known  substance  called  shell-lac,  so  much  used 
in  the  preparation  of  sealing-wax  and  varnishes.  In  all  these  cases  it  is  only  the 
female  insects  that  yield  the  colouring  matter. 

In. one  genus  of  Coccina  {Borthesia),  several  species  of  which  are  found  in  this 
country,  the  female— which,  although  apterous,  is  active  in  all  stages— is  completely 
covered  with  a  snow-white  secretion,  which  gives  it  more  the  appearance  of  a  little 
plaster-cast  than  anything  else. 

In  a  second  tribe,  the  Fhytophthiriay  or  Plant-lice,  both  sexes  are  either  wingless  or 
furnished  with  four  distinctly  veined  wings.  The  rostrum  springs  apparently  from  the 
breast,  and  the  tarsi  are  two-jointed  and  furnished  with  two  claws. 

The  greater  part  of  this  tribe  is  composed  of  the  Aphides,  or  Plant-Hce  (Fig.  192), 
whose  extraordinary  history  renders  them  one  of  the  most  interesting  groups  of  insects. 
These  creatures  must  be  well  known  to  every  one.     They  ^-i«'^72>v 

are  all  small  animals,  with  a  more  or  less  flask-shaped  body,  ~"--^^^^^4/^^^C^^ 
furnished  with  six  feet  and  a  pair  of  antenncB,  and  usually  ^^^^^l^^jSE^^ 
with  a  pair  of  short  tubes  close  to  the  extremity  of  the        — ^  \^  ^^ 

abdomen,  from  which  a  clear  sweet  secretion  exudes.  Both  y\%,  192.— Aphis  Kosjp. 
sexes  are  sometimes  winged,  sometimes  apterous ;  and  the 

individuals  of  the  same  species  are  often  winged  and  apterous  at  different  periods 
of  the  year.  They  all  live  upon  plants,  the  juices  of  which  they  suck ;  and  when 
they  occur  in  great  numbers,  often  cause  great  damage  to  vegetation.     Gardeners 
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and  farmers  are  well  aware  of  this.  Many  plants  are  liable  to  be  attacked  by 
vast  swarms  of  Aphides,  when  their  leaves  curl  up ;  they  grow  sickly,  and  their 
produce  is  certain  to  be  greatly  reduced.  One  striking  instance  is  presented  by  the 
Hop-fly  {Aphis  HumtUi).  The  cultivation  of  hops  is  notoriously  a  most  uncertain 
business ;  and  this  imcertainty  is  mainly  caused  by  the  occurrence,  in  some  seasons,  of 
vast  numbers  of  these  minute  insects ;  whilst  in  others  very  few  are  to  be  seen.  So 
great  is  this  deficiency  sometimes,  that  the  amount  of  duty  paid  upon  hops,  in  different 
years,  has  varied  between  £15,400  and  £468,000,  indicating,  of  course,  a  corresponding 
variation  in  the  amount  of  the  crops.  Many  species  also  attack  the  roots  of  plants, 
where  their  presence  is  speedily  indicated  by  the  gradual  withering  of  the  foliage. 
Lettuces,  amongst  garden  vegetables,  are  especially  subject  to  these  visitations. 

The  sweet  fluid,  which  exudes  from  the  tubular  process  of  the  abdomen  of  these 
insects,  is  often  in  such  abundance  that  it  drops  upon  the  leaves  of  the  plants  frequented 
by  them,  and  even  to  the  ground.  It  is  weU  known  by  the  name  of  honey-dew. 
Ants  have  a  particular  fondness  for  this  fluid,  and  may  constantly  be  seen  upon  trees 
and  plants  frequented  by  Aphides,  stroking  them  with  their  antennae,  apparently  to 
induce  them  to  furnish  a  supply  of  the  coveted  fluid.  From  this  circumstance  the 
Aphides  have  been  termed  the  Ant's  milch-cows ;  and  they  are  said  to  tend  them  with 
as  much  care  as  would  be  bestowed  by  a  human  farmer  upon  his  cattle.  "Wasps  also 
have  been  observed  similarly  engaged. 

But  the  most  singular  portion  of  the  history  of  these  insects  is  their  very  curious 
manner  of  propagation.  In  the  autumn,  male  and  female  insects  are  found,  fiimished 
with  perfect  generative  organs ;  these  copulate,  when  the  females  lay  eggs,  which  are 
hatched  the  following  spring.  But,  instead  of  producing  individuals  of  both  sexes, 
these  eggs  give  birth  only  to  female  animals,  which  produce  living  young  without  any 
congress  with  the  male ;  the  brood  thus  brought  forth  again  produces  living  young  in 
the  same  manner,  and  this  goes  on  throughout  the  whole  summer,  without  the  appear- 
ance of  a  single  male  insect.  In  the  autumn  again,  male  and  female  individuals  are 
produced,  and  the  latter  lay  eggs  which  are  to  continue  the  species  imtil  the  following 
summer.  This  succession  of  fruitful  virgins,  as  they  have  been  termed,  was  traced  by 
Bonnet  through  nine,  and  by  Duvau,  in  seven  months,  through  eleven  generations, 
when  the  experiments  were  cut  short  by  the  cold  of  the  approaching  winter ;  but 
Kyber,  a  German  naturalist,  by  keeping  a  colony  of  Aphides  in  a  warm  room,  observed 
this  mode  of  reproduction  during  a  period  of  four  years  without  once  seeing  a  male 
insect.  The  young  ones  thus  produced  grow  rapidly,  and  change  their  skins  three  or 
four  times ;  so  that  in  a  few  days  they  are  in  a  condition  to  continue  their  race,  and  the 
numbers  of  a  colony  often  increase  so  rapidly  that  the  plant  on  which  they  have 
established  themselves  is  completely  destroyed. 

Few  phenomena  in  natural  history  have  presented  more  difficulties  to  physiologists 
than  this,  and  many  have  been  the  theories  advanced  to  account  for  it.  Some  have 
imagined  that  the  viviparous  Aphides  were  hermaphrodites,  whilst  others  have  recurred 
to  the  doctrine  of  spontaneous  generation.  Some  have  supposed  that  by  some  myste- 
rious process  the  original  copulation  was  sufficient  to  fecundate  all  the  ova  to  be  pro- 
duced from  the  descendants  of  that  union  for  a  certain  number  of  generations,  when  its 
virtue  being  exhausted,  males  and  females  made  their  appearance  as  a  last  generation ; 
whilst  Steenstrup  regarded  the  reproduction  of  the  Aphides  as  an  instance  in  support  of 
his  doctrino  of  the  alternation  of  generations  (see  pages  252  and  254).  "We  have  not 
flpace  for  the  discussion  of  this  curious  question,  which  is  of  great  physiological  im- 
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portance.  We  shall  merely  state  that  a  modification  of  Steenstrup's  view  is  probably  the 
correct  one,  as  recent  researches,  especially  those  of  Dr.  Burnett,*  appear  to  prove  that 
the  viviparous  Aphides  possess  no  ovarian  organs,  and  that  their  young  are  formed  by 
a  process  of  gemmation  in  the  interior  of  the  abdomen, — a  process  which  Dr.  Burnett 
regards  as  analogous  to  the  budding  of  the  Medusa  "from  their  Hydroid  polypes. 

The  legs  of  the  Aphides  are  long,  but  weak,  and  their  motions  are  confined  to  a  slow 
march  upon  the  leaves  and  stems  of  plants ;  but  another  family  of  plant-Hce,  the 
PsyUid(By  have  the  hinder  thighs  much  thickened,  so  as  to  form  powerful  springing 
organs. 

In  the  third  section,  the  Cieadaria,  which  includes  a  great  variety  of  animals,  the 
tarsi  are  three-jointed,  the  antennse  usually  minute  and  terminated  by  a  bristle ;  and  the 
wings,  which  are  four  in  number,  are  furnished  with  numerous  nervures,  forming  several 
cells.  The  anterior  wings  are  sometimes  of  a  leathery  texture,  and  generally  of  a 
firmer  consistence  than  the  hinder  pair,  which  they  cover  and  protect  during  repose. 
The  rostrum  is  always  distinctly  attached  to  the  head,  and  never,  even  apparently, 
springs  from  the  front  of  the  breast  The  great  diversity  of  form  presented  by  these 
animals  has  led  to  the  establishment  of  many  families ;  but  we  can  only  indicate  the 
four  principal  groups  into  which  they  are  divided  by  authors. 

The  first  of  these,  the  CicadeUina,  or  Cerccpidas,  of  which  the  Aphrophora  Spumaria 
(Fig.  193),  or  common  Frog-hopper,  is  a  well-known  British  example,  have  the  antennsB 
placed  between  the  eyes,  and  the  scutellum  visible — that  is  to  say,  not  covered  by  a 
process  of  the  prothorax.  The  ocelli,  which  are  sometimes  wanting,  are  never  more 
than  two  in  number.  These  little  creatures  are  always  furnished  with  long  hind  legs, 
wliieh  assist  them  in  performing  most 


extraordinary  leaps.  The  posterior  tibiee 
of  many  species  are  armed  with  a  double 
row  of  spines.  A  species  nearly  allied 
to  that  here  figured  (the  Aphrophora 
bifasciata)  is  very  abundant  in  gardens. 
The  larva  envelops  itself  in  a  frothy 
secretion,  which  has  received  the  name 
of  CuckoO'Spit ;  and  this  denomination 
has  been  extended  to  the  insects.    An 


Fig.  193.— Frog-hopper  (Aphrophora  spumaria). 
a,  imago ;  6,  frothy  secretion ;  c,  pupa. 


immense  number  of  the  species  of  this  group  are  to  be  met  with  almost  everywhere. 


Fig.  194.— o,  Bocydium  globulare;  i,  B.  cruciatum.  Fig.  195.— Fulgora  latemaria  (reduced). 

The  Membraeindf  forming  the  second  group,  resemble  the  preceding  in  most  of  their 

•  Dr.  Burnett's  important  paper  appeared  in  8illiman*8  American  Journal  for  January  1854,  and 
was  reprinted  in  the  Annals  of  Natural  History  for  August,  in  the  same  year.  It  contains  original 
observations,  accompanied  by  a  general  resume  of  the  subject. 
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characters,  but  have  the  back  of  the  prothorax  produced  into  a  singular  process,  which 
often  covers  and  conceals  not  only  the  scutellum  but  the  whole  upper  part  of  the 
insect.  This  prothoracic  process  often  assumes  the  most  remarkable  forms,  two  of 
which  are  represented  in  Fig.  194.  Both  these  insects  inhabit  Brazil ;  and  most  of  the 
sx>ecies  of  this  group  are  found  in  tropical  countries,  two  only  inhabiting  Britain. 

In  the  third  group,  the  Fulfforina,  the  antennae  are  placed  under  the  eyes,  and  the 
ocelli  are  only  two  in  number.  This  group  includes  the  Lantern-flies  (Fulgora),  of 
which  a  large  species,  inhabiting  Guiana,  the  Fulgora  laternaria  (Fig.  195)  is  said  to 
emit  considerable  light  in  the  dark.  This  account  rests  principally  upon  Madame 
Merian's  statement,  and  appears  never  to  have  been  observed  since  her  time ;  so  that 
the  generality  of  entomologists  are  disposed  to  doubt  the  occurrence  of  the  phenomenon. 
The  light  is  said  to  be  produced  from  the  singular  prolongation  of  the  head,  which  is 
common  to  this  and  many  other  species,  exhibiting  most  extraordinary  forms  in  some 
instances.  A  well-known  example  of  the  genus  Fulgora  is  the  F,  eandelaria,  constantly 
to  be  seen  in  boxes  of  Chinese  insects.  Many  of  the  Fulfforina  are  of  large  size,  and 
decorated  with  most  brilliant  colours ;  but  these  are  all  inhabitants  of  warm  climates. 
The  European  species  are  small,  and  generally  very  dingy  in  their  appearance. 

The  fourth  group  is  distinguished  from  all  the  rest  by  the  possession  of  three  ocelli. 
The  antenneB  are  placed  in  front  of  the  eyes.  These 
insects  are  called  Stridulantiay  from  the  faculty  they 
possess  of  producing  a  chirping  noise,  which,  as  they  are 
generally  of  large  size,  is  often  exceedingly  loud  and  dis- 
agreeable. Nevertheless,  the  ancients,  and  especially  the 
Greeks,  appear  to  have  regarded  this  music,  which  is 
very  impleasant  to  modem  ears,  with  feelings  of  great 
satisfaction ;  and  the  Cicada  is  often  referred  to  by  the 
Greek  poets.  Anacreon,  in  particular,  has  devoted  an 
ode  to  singing  the  happiness  of  this  insect.  An  dement 
of  this  happiness,  according  to  another  Greek  poet,  is, 
that  the  Cicada  "  all  have  voiceless  wives,"  an  opinion 
which  will  probably  find  supporters  in  the  present  day. 
This  shows  that  the  ancients  were  well  aware  that  only 
the  male  Cicada  possessed  the  musical  talent  which 
they  seem  to  have  admired  so  much.  The  apparatus, 
by  which  the  sound  is  produced,  consists  in  a  sort  of  a 
drum  placed  in  a  cavity  on  each  side  of  the  base  of  the 
abdomen ;  this  is  pulled  inwards  bythe  action  of  a  parti- 
cular muscle,  and  on  being  again  let  loose  its  vibration 
produces  a  loud,  sharp  tone.  The  drums  are  concealed  by  scalc-liko  plates,  which  are 
sometimes  so  large  as  to  reach  nearly  to  the  extremity  of  lie  abdomen. 

The  female  lays  her  eggs  in  slits,  which  she  cuts  in  the  bark  of  tixjcs  by  means  of  a 
curious  saw-like  ovipositor ;  these  are  generally  so  weakened  by  the  operation  that 
they  fall  to  the  ground,  when  the  larvse  burrow  down  to  the  roots  of  trees,  upon  which 
they  feed,  often  occasioning  considerable  damage.  They  appear  to  occupy  at  least 
two  years  in  their  development.  An  American  species  is  very  remarkable  from  its 
appearing  only  once  in  seventeen  years  in  the  same  locality,  apparently  passing  the 
interval  in  its  preparatory  stages.  Hence  it  is  known,  in  the  United  States,  as  the 
Seventeen-year  Locust.    Its  scientific  name  is  Cieada  septendeeim. 
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SUB-OSSEB,  II.— HbTEROPTBBA. 

The  Het^rqptera,  or  Bugs,  form  two  principal  groups,  distinguished  by  their  structure 
and  habits, — the  Sydrocores  or  Water-bugs,  and  the  Geoeores  or  Land-bugs, 
former  are  at  once  recognizable  by  the  small  size  of  their  antennsD, 
which  are  composed  of  three  or  four  short  joints,  and  concealed 
beneath  the  eyes.  Of  these,  the  Notonectida  are  distinguished  by 
their  broad,  rounded  head,  which  occupies  the  whole  width  of  the 
fipont  of  the  body.  They  swim  rapidly  about  in  the  water,  with  their 
bellies  directed  upwards,  rowing  themselves  along  by  means  of  their 
flattened  hinder  legs,  which  are  extended  on  each  side  of  them  like 
oars.  Hence  the  Nbionecta  (Fig.  197),  is  generally  known  as  the  Fig.  107.  —  Noto - 
hoaUJiy.    They  carry  the  air  required  for  their  respiration  in  a  space  necta. 

left  for  this  purpose  between  the  wings  and  the  back.  They  arc  very  active  and  preda- 
oeous  animals,  and  when  captured  some  of  them  often  inflict  a  painful  wound  with 
their  powerful  rostrum.  Several  species  may  be  met  with  in 
almost  any  piece  of  water.  In  the  second  group,  the  Nepma,  the 
head  is  small  and  triangular,  and  generally  considerably  nar- 
rower than  the  thorax.  Their  legs  are  generally  less  distinctly 
formed  for  swimming  than  in  the] preceding  group;  but  the 
anterior  pair  are  converted  into  powerful  raptorial  organs ;  as  the 
NepifMy  although  much  slower  in  their  movements,  are  quite  as 
predaceous  in  their  habits  as  the  Notonectida. 

The  Nepa  cinerea  (Fig.  198)  is  a  British  example  of  this 
group,  which  may  be  met  with  in  every  pond.  These  insects 
respire  by  means  of  the  filaments  attached  to  the  caudal  extremity, 
which  they  place  at  the  surface  of  the  water,  the  only  available 
stigmata  being  situated  at  the  base  of  these  filaments. 

In  the  GeocoreSy  or  Land-bugs,  for  which  Mr.  "Westwood  has 
proposed  the  name  of  Aurocorisa  (Air-bugs),  as  more  appropriate, 
some  of  the  species  inhabiting  the  surface  of  the  water,  the  antennae  are  never  con- 
cealed, and  the  legs  are  always  formed  for  running.  When  disturbed  or  irritated 
most  of  them  emit  a  most  offensive  odour,  which  no  one  who  has  ever  had  the 
misfortune  to  have  any  dealings  with  the  common  Bed-bug  will  be  likely  to  forget. 
These  insects  form  nine  principal  groups,  of  which  the  first  four  have  the  rostrum  of 
three  joints,  whilst  in  the  remainder  this  organ  is  composed  of  four  articulations. 
The  species  with  a  three-jointed  rostrum  are,  for  the  most  part,  predaceous  in  their 
habits ;  whilst  those  with  four  joints  generally  feed  upon  vegetable  juices. 

The  nearest  approach  to  the  Water-bugs  appears  to  be  made  by  the  PhtereSy  a 
group  of  bugs  with  a  boat-like  body  and  very  long  legs,  which  may  be  constantly  seen 
running  about  upon  the  surface  of  ponds  and  quiet  rivers.  They  are  distinguished 
from  the  other  Heteropiera  by  having  the  claws  inserted  at  some  little  distance  from  the 
apex  of  the  last  joint  of  the  tarsi.  Some  species  have  been  taken  on  the  surface  of  the 
sea  at  a  great  distance  from  land.  Another  group,  the  Riparia,  is  formed  of  small  oval 
bugs,  often  met  with  in  the  mud  at  the  sides  of  ponds ;  a  third,  the  Reduvina,  is  dis- 
tinguished by  having  the  head  produced  behind  the  eyes  into  a  distinct  neck.  This 
group  includes  the  most  predaceous  and  some  of  the  largest  of  the  Geocores.  The 
rostrum  is  usually  stout,  and  is  said  to  inflict  a  most  severe  woimd.    In  the  Mem- 


Figr.  198.— Nepa 
cinerea. 
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branaceay  to  which  the  common  Bed-bug  belongs,  the  rostrum  is  inclosed  in  a  sort  of 
canal,  formed  by  two  little  ridges  running  down  between  the  bases  of  the  legs. 

Of  those  groups  with  a  four-jointed  rostrum,  two  are  destitute  of  ocelli  or  simple 
eyes.  Of  these,  one  (the  Bicelltdt)  is  composed  of  a  great  number  of  small  insects, 
which  may  usually  be  found  upon  plants  in  great  profusion  during  the  summer 
months.  They  are  distinguished  by  having  the  neryures  of  the  membranous  portion  of 
the  hemelytra  formed  into  two  basal  cells.  The  two  last  joints  of  the  antennse,  which 
are  composed  of  four  joints,  are  generally  very  slender.  In  the  second  group,  the 
Cacigenia,  the  membrane  is  furnished  with  numerous  parallel  nervures,  and  the  four 
joints  of  the  antennae  are  nearly  of  equal  thickness.  These  insects  are  generally  of 
a  bright  scarlet  colour,  adorned  with  black  spots.     One  species  is  found  in  England. 

The  same  colours  not  unfrequently  occur  in  the  next  group,  the  Lygceodea,  which, 
however,  possess  ocelli.  These  are  further  distinguished  by  the  insertion  of  their 
antennse  upon  the  sides  of  the  head,  below  a  line  drawn  from  the  eyes  to  the  rostrum, 
and  by  the  membrane  of  the  hemelytra  never  having  more  than  four  or  five  nervures. 
Numerous  species  occur  in  Britain.  The  Coreodea  are  distinguished  from  the  preceding 
group  by  the  insertion  of  their  antenuEe  higher  up  on  the  sides  of  the  head,  and  by  the 
presence  of  numerous  nervures  in  the  hemelytral  membrane.  The  scutellum  is  usually 
small  and  triangular,  and  the  antennae  are  always  composed  of  four  joints.  The 
majority  of  these  insects  inhabit  hot  climates,  where  many  of  them  attain  a  large 
size.  Some  of  them  are  remarkable  for  strangeness  of  form,  but  very  few  for  brilliant 
colouring.    The  European  species  are  all  small. 

The  Scutatay  the  last  group  of  the  order,  includes  some  of  the  most  brilliant  crea- 
tures contained  in  it,  or  perhaps  in  the  entire  class  of 
insects.  Their  most  striking  character  consists  in  the  large 
size  of  the  scutellum,  which  in  all  oases  reaches  the  base 
of  the  hemelytral  membrane  (Fig.  199),  and  in  some  in- 
stances is  so  large  as  to  cover  all  the  upper  surface  of  the 
body,  serving  as  a  sheath  for  the  protection  of  the  wings. 
The  antennae  are  usually  composed  of  five  joints,  and  are 
almost  always  inserted  beneath  a  projecting  margin  of  the 
sides  of  the  head.  The  rostrum  is  frequently  long,  sometimes 
longer  than  the  body.  This  group  includes  a  great  number 
of  species,  most  of  them  of  considerable  size.  The  majority 
inhabit  warm  climates,  to  which  the  species  with  the  very 
large  scutcUum  are  almost  confined.  Amongst  these  the 
Fig.  199.-Haly8  Mucorea.  ^^^^^^^  ^y^^Yi  are  of  a  briUiant  golden  green  colour,  with 
black  spots,  rival  the  most  splendid  butterflies  in  beauty. 

Obder  V. — Phtsopoda. 
General  Chajracten.— The  small  order  Physopoda  includes  some  minute  insects 
which  were  placed  by  Linnaeus,  Fabricius,  and  most  of  the  older  entomologists,  in  the 
same  order  with  the  Bhynckota,  their  mouth  at  the  first  glance  bearing  a  certain 
amount  of  resemblance  to  a  minute  rostrum.  Later  observations  proved,  however,  that 
the  structure  of  their  oral  organs  was  quite  difiorent  from  that  presented  by  the  Jthyn- 
ehota;  and  they  have  since  been  generally  placed  in  the  neighbourhood  of  the  Orthoptera. 
Burmeister  included  them  in  his  order  Gymnognatha,  with  the  other  mandibulate 
Hemimetabolous  and  Ametabolous  insects. 
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Fig.  200.— PhlflBOthrips. 

a,  natural  size  ;  b,  insect  magnified; 

e,  head;  d,  mandibles;  e,  leg. 


The  Fhysopoda  are  generally  furnished  with  four  nearly  equal,  flat  wings,  destitate 
of  reticulations,  but  usually  frhiged,  especially  at  the  apex,  with  numerous  fine  hairs. 
Some  species,  howeyer,  are  apterous.  The  head  (Fig.  200)  bears  a  pair  of  large, 
granular,  compound  eyes,  between  which  there  are 
usually  three  ocelli.  The  antennae  are  generally 
composed  of  about  eight  joints,  and  ore  attached  to 
the  front  of  the  head  between  the  eyes.  The  lower 
part  of  the  head  is  bent  back  under  the  breast,  and 
the  mouth  is  situated  at  its  hinder  extremity ;  so 
that  the  resemblance  to  the  Homoptera  is  tolerably 
complete.  The  organs  of  the  mouth  consist  of  a 
large  triangular  upper  lip,  behind  which  a  pair  of 
curved,  bristle-shaped  mandibles  is  situated ;  the 
maxillae  are  small,  usually  attached  to  the  labium, 
and  like  this  bear  a  pair  of  jointed  palpi.  The 
presence  of  the  latter  organs  will  always  distinguish 
these  insects  from  the  Rhynchota,  The  tarsi  are 
composed  of  two  joints,  the  last  of  which  is  desti- 
tute of  claws,  but  furnished  with  a  soft  vesicular 
organ,  which  enables  the  insects  to  adhere  firmly  to  any  object  upon  which  they  are 
walking.  It  is  from  this  structure  that  the  name  of  Physopoda,  given  to  this  order,  is 
derived  {Q^T.phusa  a  bladder,  poua  a  foot). 

These  insects  are  found  upon  most  plants,  generally  in  the  flowers,  which  they 
appear  to  visit  in  search  of  the  sweet  fluid  generally  to  be  found  in  such  situations. 
They  run  quickly,  and  often  perform  considerable  leaps  by  the  assistance  of  the  abdo- 
men, which  is  employed  in  the  same  way  as  the  furcate  appendage  of  the  Podurts, 
Many  of  them,  not  content  with  such  light  nourishment  as  the  nectar  of  flowers,  in- 
habit the  foliage  and  stems  of  plants,  to  which  they  often  do  a  great  deal  of  mischief. 
One  species,  the  Thrips  eerealium,  has  frequently  done  considerable  damage  to  the 
wheat  crops,  both'in  this  and'other  countries,  sometimes  attacking  the  grain  in  the  ear, 
and  sometimes  gnawing  the  tender  stems.  Others,  of  which  the  species  represented  in 
our  figure  (Fig.  200)  is  an  example,  are  found  upon  and  under  the  bark  of  trees. 

Divifdona. — Mr.  Haliday  divides  these  insects  into  two  tribes.  In  the  first,  the 
TubuUfera^  the  terminal  segment  of  the  abdomen  is  tubular  in  both  sexes ;  whilst  the 
females  of  the  second,  the  Terebrantia,  are  furnished  with  a  valvular  serrated  ovipositor. 

Order  VI. — Orthoptera. 
Oeneial  Chazactera. — ^The  Orthoptera  form  the  first  order  of  the  Hemimeta- 
bolous  insects,  in  which  the  mouth  is  unmistakably  formed  for  biting.  The  head  is 
usually  large  and  perpendicular,  furnished  with  a  pair  of  antennae  of  very  variable 
length  (generally  long  and- composed  of  numerous  joints),  with  a  pair  of  large  compound 
eyes,  and  usually  with  two  ocelli.  The  mouth  is  usually  of  very  powerful  construc- 
tion; the  mandibles  strong,  homy,  and  toothed ;  the  maxUlas  large,  with  the  apex  half 
concealed  by  a  hood-like,  homy  lobe,  and  each  bearing  a  long  five-jointed  palpus ;  the 
upper  and  lower  lips  are  large,  and  the  latter  is  furnished  with  a  pair  of  three-jointed 
palpi,  and  usually  with  one  or  two  additional  pairs  of  palpiform  lobes.  The  segments 
of  the  thorax  are  distinct,  the  anterior  segment,  or  prothorax,  being  generally  of  large 
size.     The  remaining  segments  are  usually  concealed  under  the  wings,  which,  when 


ORGANIC  NATURE.— No.  XXIV. 


Digitized  ?y\jOOgie 


Zi^ 


LOCUSTS. 


Hg;  20L^IiOCiist,  mth  tringi  ezpandecL 


fMMtt^  am  iiMr  ia  niimbeir,  tite  cnteadar  |Mur  fimftlkr  tfaui  tiM  portciriar^  and  generally 

«f  a  loathity  ler  parehgiwiUUhe  texture, 
aarviag  «8  mprotootioa  fer  ibe  latter, 
wJlicl^  ia  venose,  aieioldMl «p  ina  faa- 
Jike  ^Mu,  3Sk  antedor  waaiKS  abaoet 
alwsgrs  lap  crir-ar  cadi  other  «t  the  ape:^ 
and  botk  |muz8  are  traveieed  hj  dietinot 
reticulated  nemires.  The  principal  aer- 
▼urea  of  the  hinder  wiagsalwajs  radiate 
firom  a  oentral  point  to  the  •oirectmierence 
<Fig.  201).  The  legs  ^rarj  greailj  in 
form.  Some  species  are  MEolnsivelj 
formed  for  running  (Oockvoaohea,  ^ai- 
vfig^  4UI  ihd  legs  heing  -of  nearly  equal 
wae;  in  others  the  anteiier  pair  are 
greartly  enlarged  and  ooaverted  into  rap- 
torial t»;gaBS  [Mtmtis)^  4iie  dasect  run- 
wmg  upon  the  other  four  h^;  whilst 
in  others,  again  (GTa8s4ic^sn^  Locusts, 
Cridcets),  the  hinder  Ic^gs,  and^specially 
tiie  thighs,  are  of  yeiy  lairge  size,  enabling  the  Bisects  to  execute  great  leaps.  The 
number  of  joints  in  the  tarsi  yaries  irom  thi'ee  to  five.  The  metamoiphoas  of  these 
«BflbctS  has  already  been  described  (page  341,  Fig.  186). 

JNlTlsioiUk — ^Hie  Ortkopierm  fall  readily  into  two  great  sections— namely,  the 
MiiMiorM  and  emnorial  OrthopUra.  The  fonaer  (in  which  the  hind  1^^  are  always 
elongated  and  conyerted  into  leaping  organs,  and  the  tarsi  neyer  oon^osed  of  mooe 
than  four  joints)  indude  three  tribes,— the  LoemaUnOy  the  GhyUma^  and  the  AjckaUna, 
13iey  are  all  herbiyorous  insects. 

In  the  Loeustma  l^e  tarsi  are  three-jointed ;  the  antennsB  short,  and  composed  of 
i&om  twenty  to  thirty  jomts ;  and  the  females  haye  no  apparent  oyipositor.  The  head 
is  uasally  furnished  with  three  ooelli.  Few  insects  are  more  dreaded  by  the  inhabit- 
tants  of  the  wanner  regions  of  the  earth  than  those  LooustSi  which,  ftom  their  often 
M^tieoting  in  yast  swarms,  and  moying  onwards  with  a  steady  and  irresisiihle  progress, 
qmckly  destroy  eyery  trace  of  yegetation  oyer  a  yast  extent  of  country;  thus  reducing 
the  husbandman  to  despair,  and  conyeiting  the  smiling  ftce  of  nature  into  a  desolate 
wilderness.  A  district,  oyer  which  one  of  these  deyastating  swarms  has  passed,  is  said 
to  appear,  to  the  eye  of  an  obseryer,  as  though  every  yegetable  production  which  once 
decked  its  snr&ce  had  been  completely  burned  off  Ihe  ground ;  hence  IJhe  iiatin  imme 
of  lihe  insect  {Locusia,  from  loeus  ugtusj  a  burnt  ]^ace)  is  peculiarly  i^ropriste. 
Sastem  coootries,  and  especially  those  in  the  aeighboazhood  of  tibe  Ijerant,  appear  to 
be  most  eacposed  to  the  rayages  of  these  destmctiye  insects ;  and  we  find  Hsny  highly 
poetical  references  to  them  in  the  writings  of  the  Hebrew  prophets,  wherein  this 
appearance  of  burning  is  ezpressiy  mentioned.  When  the  yegetation  of  tiw  place  first 
dstastated  by  tiiese  creatures  is  entirely  destroyed,  tliey  take  to  flight  in  «oiintlen 
mvltitudes  towards  some  other  deyoted  spot,  often  ^Drming  clouds  of  several  hundred 
yards  across,  which,  in  tiidr  passage,  sometinies  conceal  the  Ught  of  the  ««n.  When 
•Bgaged  in  the  woik  of  destruction  they  are  said  to  produce  a  sound  Tesambiing  that 
•f  a  strong  flame  driyen  by  the  wind,  and  the  spot  upon  which  liiey  hare  alighted  is 
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«3»Mt  inmediaitolj  denaded  ^i  ertaj  tiuag  grew.  Tlie  dMoeut  of  a  hostile  aimy  ii 
kw  ^oeadod  ia  ihp  canntxiM  mlj^ct  to  these  yisitetionBi  tiua  i&e  «^etfaiioo  i)£  tl» 
katts  «f  the  Locnists,  which  were  regarded  by  the  •noie&tB,  hoiik  Jewi  and  pagana, 
«ad  are  still  so  by  the  Arabs,  as  the  aTenging  armies  of  the  Deity.  The  modem  Arabs, 
isL  &et,  dodare  that  the  Locust  bears  a  statement  to  this  efieot,  in  good  Arabic,  in  the 
maddngs  on  its  wings.  The  best  known  species  is  the  Zoetuim  migrgtorUt  (Fig.  177), 
vhieh  has  occasionally  found  its  way  into  Central  Europe,  and  even  to  our  own  island ; 
Init  in  the  south  of  Europe  this  insect  is  a  formidable  enemy  to  agriculture,  and  a 
eonsideFable  amount  is  there  annually  paid  in  rewards  for  its  destruction. 

The  inhabitants  both  of.  Asia  andAMca,  where  Locusts  particularly  abound,  use 
these  animals  as  a  common  article  of  food.  They  generally  pull  off  the  legs  and  wings, 
and  fry  the  bodies  in  oil  or  butter,  and  a  dish  of  Locusts  well  prepared  is  said  to  be 
regarded  as  somewhat  of  a  delicacy  in  those  countries.  The  Locusts  are  also  occasion- 
ally diried,  pounded,  and  used  as  flour.  Many  of  our  British  Grasidioi^iers  belong  to 
this  tribe ;  some  of  them  {Tetrix)  have  the  back  of  the  prothoraz  produced  badrwards 
into  a  pointed  process  as  long  as  the  abdomen.  The  migratory  Locust  measures  about 
two  inches  and  a  half  in  length,  and  some  other  exotic  species  are  much  larger ;  the 
Zocusta  crtBtata,  a  yery  beautiful  species  common  in  the  Levant,  being  four  inches  long, 
and  between  seven  and  eight  in  expanse  of  wings.  Our  Eritish  species  are  generally 
of  comparatiToly  small  size.  Xearly  all  of  them  produce  a  loud  chirping  noise,  by 
rubbing  the  inside  of  the  thigh  against  the  elevated  nenrures  of  the  wing  covers ;  but 
beyond  this  they  possess  no  special  apparatus  for  the  production  of  sound. 

Some  species  {Tmxalis  and  Proacopia)  are  remarkable  for  the  Ibxm  of  their  heads, 
the  front  of  which  is  produced  into  a  conical  process,  bearing  the  eyes  and  antsczus 
at  or  near  its  summit.  The  antenne,  which  are  generally  thread-shaped,  are  some- 
times thickened  at  the  base,  and  sometimes  clavate. 

The  insects  composing  the  second  tribe  (the  GryOinu),  of  which  a  British  species  has 
already  beeb  figured  (Fig.  186),  resemble  the  Loetutina  in  having  their  wings  arranged 
during  repose  in  a  roof-like  form ;  but  are  at  once  distinguishable  from  them  by  the 
sipmcture  of  the  antenms,  whicdx,  instead  of  being  short,  cylindrical,  and  atont,  are  of 
great  length,  generally  very  slender,  and  tapering  to  a  fine  point.  The  females,  also, 
ace  fiunished  with  an  external  ovipositor  (see  Fig.  186),  and  the  males  have  a  singular 
talc-like  spot,  amroustded  by  devated  nerrores,  at  the  base  of  each  wing-cover,  by 
the  mutnal  frietion  of  which  their  chirping  is  effected.  These  two  plates  are  not 
ezaetly  similar,  and  &e  insect,  in  consequence,  cannot  produce  Ins  shrill  music  indif- 
ftxaitly  with  either  wing-«ase  uppermost ;  the  right  wing-case  is  nsoally  laid  over  t&e 
lefi  one.    The  tarsi  are  four-jointed.    The  ooelli  are  generally  wanting. 

lli£  ovipositor  of  the  female  is  a  sword-shaped  organ,  composed  of  several  plates 
attached  to  the  extremity  of  the  body,  which  also  bears  a  pair  of  short  caudal  appen- 
dages in  both  sexes.  The  female  pushes  the  ovipositor  a  considerable  distanoe  into  the 
earth,  forming  a  narrow  cavity  in  which  she  Lays  several  eggs.  She  then  proceeds  to 
aaother  spot,  and  repeats  the  operation. 

Th.e  OryUvna  appear  to  frequent  trees  and  shrubs  more  than  either  of  the  other  two 
trihes,  the  members  of  which  generally  keep  amongst  herbage ;  and,  in  accordance 
with  this  habit,  many  of  the  exotic  species  have  wing-cases,  which  present  the  most 
perfect  resemblance  to  leaves,  both  in  colour  and  veining.  There  are  several  British 
species,  one  of  which  (the  QryUua  viriditaimtu^  Fig.  186)  is  common  in  autnnm  in 
many  marshy  situations.    It  is  one  of  the  largest  British  insects,  being  about  two 
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inches  in  length,  and  three  and  a  half  in  expanse  of  wings;  and,  notwithstanding  the 
vegetable  nature  of  its  ordinary  diet,  two  of  them  can  scarcely  be  put  together  without 
a  battle,  when  the  victor  very  often  makes  a  meal  off  some  of  his  antagonists  limbs ; 
and  Mr.Westwood  mentions  an  instance,  in  which  a  specimen  of  this  insect,  which  had 
been  inclosed  in  a  box  with  one  of  his  own  hind-legs,  was  found  to  have  devoured 
about  half  of  it  in  the  course  of  the  night.  Another  species  (the  Decticus  verrueivorus) 
wliich  has  occasionally  been  found  in  this  country,  received  its  specific  name,  which 
signifies  "  wart-eater,"  from  a  belief  current  amongst  the  peasantry  of  the  continent 
of  Europe,  where  the  insect  is  common,  that  its  bite,  assisted  by  a  brownish  liquid 
which  it  emits  from  the  mouth,  is  a  certain  cure  for  warts. 

Of  the  tribe  Aehetina,  the  common  Cricket  {Acheta  domeatiea,  Fig.  202),  the  noisy 
little  denizen  of  our  kitchen  hearths,  may  serve  as  an  example.  These  insects,  like 
those  of  the  preceding  tribe,  have  the  antennae  slender  and  tapering,  and  often  consi- 
derably longer  than  the  body.  They  also  agree  with  the  GrylUna  in  the  structure  of 
the  singing  apparatus ;  but  the 
wings,  instead  of  being  arranged 
in  the  form  of  a  high  pitched  roof, 
are  laid  flat  upon  the  back.  Some 
of  them  possess  ocelli,  whilst 
others  are  destitute  of  those  or- 
gans. The  hinder  wings  are  very 
long,  and  folded  up  in  such  a 
manner  that  they  project  beyond 
the  wing-cases,  in  the  form  of  a  pair 
of  tapering  tails ;  the  abdomen  is  ?!?•  202.— Cricket  (Acheta  domestica). 

also  furnished,  in  both  sexes,  with 

a  pair  of  pilose,  bristle-shaped,  caudal  appendages,  and  in  the  female  with  a  long, 
slender  ovipositor,  composed  of  two  filaments,  laid  side  by  side,  and  somewhat 
thickened  at  the  tip.    The  tarsi  are  three-jointed. 

The  common  House-cricket  is  too  well  known  to  need  any  particular  descriptiqp. 
During  the  colder  months  these  insects  always  seek  the  habitations  of  man ;  when  they 
establish  themselves  in  the  neighbourhood  of  the  fire-place,  in  some  room  on  the 
ground  floor,  generally  preferring  the  kitchen,  where  their  monotonous  chirping  may 
generally  be  heard  in  the  winter  evenings.  In  summer,  however,  they  remove  their 
quarters  to  the  open  air,  taking  up  their  abode  apparently  in  the  crevices  of  garden 
walls  and  similar  situations.  In  fine  summer  evenings  they  sing  most  pertinaciously 
in  the  open  air.  Their  food,  when  in  the  house,  consists  of  crumbs  of  bread,  and 
similar  household  refuse,  which  are  generally  to  be  found  in  abundance  on  the  kitchen 
hearth.  They  are  said  to  come  into  the  houses  about  the  end  of  August,  probably  to 
breed ;  as  minute  larvs,  not  more  than  a  line  in  length,  may  often  be  seen  later  in 
the  autumn  swarming  about  hearths  inhabited  by  these  insects. 

It  is  singular  that  popular  superstition  should  have  attached  an  ominous  significa-^ 
tion  to  the  chirping  of  this  harmless  little  creature ;  and  it  is  very  ridiculous  to  find 
that  even  at  the  present  day  this  sound  is  deemed  an  imfiivourable  omen  in  some 
parts  of  the  country,  whilst  in  others  it  is  regarded  as  having  a  directly  opposite 
meaning. 

Apart  from  all  superstitious  feeling,  however,  opinions  are  greatly  divided  as  to 
whether  the  fireside  song  of  the  cricket  be  pleasant  or  the  reverse.    Like  the  Cicada  of 
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the  ancients,  the  Cricket  has  found  its  poetical  admirers ;  whilst  by  many  its  note  is 
regarded  with  great  dislike. 

. '  Another  species  is  the  Field-cricket  {Acheta  campestris),  a  timid  animal  which 
avoids  the  society  of  man,  living  all  the  year  round  in  the  burrows  which  it  forms  in 
sandy  banks,  amongst  stones.  This  is  much  larger  and  louder  than  the  domestic 
species,  but  is  by  no  means  so  common,  frequenting  only  hot,  sandy  districts.  A  still 
more  remarkable  insect,  belonging  to  this  tribe,  is  the  Mole-Cricket  (6^ry^^a^a  vulffaris, 
Fig.  178),  which,  both  in  its  structure  and  habits,  presents  no  inconsiderable  resem- 
blance to  the  Mole.  Like  that  animal  it  is  constantly  engaged  in  burrowing  in  the 
earth ;  and  to  enable  it  to  dp  this  with  facility  its  anterior  limbs  are  converted  into  a 
pair  of  flat,  fossorial  organs,  which  are  turned  outwards  in  exactly  the  same  manner  as 
the  hand  of  the  Mole.  It  is  a  British  insect,  but  very  local  in  its  distribution.  In  its 
passage  through  the  earth  it  does  great  injury  to  the  roots  of  plants,  but  is  said  to  live 
quite  as  much  upon  animal  as  upon  vegetable  food.  The  female  forms  a  chamber  of 
considerable  size  for  the  reception  of  her  eggs,  communicating  with  the  surface  of  the 
ground  by  narrow  winding  passages,  all  neatly  made  and  perfectly  smooth.  ~  The 
number  of  eggs  appears  to  be  from  two  to  four  hundred.  The  young  ones  remain  in 
society  until  after  their  first  moult ;  when  they  disperse,  and  form  separate  burrows  for 
themselves. 

The  habits  of  the  three  British  species  of  Crickets  form  the  subject  of  three  of 
the  admirable  letters  of  Gilbert  White.  A  species  of  Mole  Cricket,  inhabiting  the  "West 
Indies,  has  frequently  committed  great  ravages  upon  the  young  sugar-canes  in  those 
islands. 

The  Cursorial  Orthoptera  may  be  divided  into  four  tribes,  of  which  one  is  composed 
of  exclusively  herbivorous  animals,  whilst  the  others  are  either  predaceous,  or  adapted 
to  subsist  upon  a  miscellaneous  diet. 

The  herbivorous  tribe,  Fhasmina^  is  composed  of  some  singular  insects,  to  which, 
from  their  close  resemblance  to  vegetable  productions,  the  names  of  Walking  atieka  and 
Walking  leaves  are  commonly  given.  They  are  distinguished  by  having  the  head 
exserted,  all  the  legs  adapted  for  walking,  the  caudal  appendages  usually  small  and  not 
jointed,  and  the  hinder  wings  not  folded  transversely  in  the  middle.  Ocelli  are  some- 
times present,  sometimes  wanting.  The  tarsi  are  composed  of  five  joints,  clothed 
beneath  with'  a  membranous  cushion,  which  gives  the  creatures  a  firm  hold  of  the 
branches  and  leaves  of  the  trees  on  which  they  live,  and  furnished  with  a  large  pulvil- 
lus  between  the  claws.  The 
wings  are  sometimes  present, 
sometimes  entirely  wanting ;  and 
in  some  species  the  male  is 
winged  and  the  female  apterous. 
In  the  Walking  sticks  (PAa«mtVto, 
Fig.  203),  the  body  is  much 
elongated,  cylindrical,  and  usu- 
ally of  a  dingy  brownish  colour, 
so  as  exactly  to  resemble  the 
dried  twig  of  a  tree.  The  wing- 
cases,  when  present,  are  very  _.    „„,    «    /  ,  „     „. 

i.     V  -*       XV        i.v        •  Fig.  203.— Bacteria  Fragills. 

much  shorter  than  the  wings; 

and  as  they  would  be  quite  insufficient  for  the  protection  of  those  organs  when  folded, 
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this  is  provided  for  in  another  way,  the  outer  margin  of  the  wings  forming  a  fizm 
plate,  under  which  the  membranous  portions  are  entirely  concealed  during  ropoae. 

The  WalMi^  leaves  {PhylUidt^y  Fig.  204)  are  still  more  remarkable  in  tiieir 
appearance.  In  these  the  body  is  very  flat  and  tiiin,  and  the  wings  form  large,  leaf-Hike 
organs,  covering  nearly  the  whole  abdomen,  and  fizmishedwith  irregularly  reticulated 
neiTures,  which  give  them  exactly  the  aspect  of  a  leaf.     This  leafy  structure  pervades 


Fig.  204.— Phyllium  SiccifoUnm. 
the  whole  animal ;  the  legs,  especially  the  thighs,  being  always  ibiiaeeous.  Bsme 
species  are  of  a  bright  green  colour,  whilst  otiiers  are  of  the  brown  of  dead  leaves ;  and 
the  natives  of  the  countries  inhabited  by  these  curious  creatures  generally  inJorm 
Europeans  that  the  insects  are  all  green  at  first,  but  that  as  the  leavea  ehangja  colour 
they  change  also. 

The  Phasmina  are  found  principally  in  warm  climates,  very  few  occurring  in  £uiepe» 
They  are  very  slow  in  their  movements,  creeping  about  upon  trees  and  shrubs,  to  whieh 
they  often  do  considerable  damage  by  devouring  the  young  shoots.  Some  of  the  Stick 
insects  are  of  large  size,  measuring  at  least  seven  or  eight  inches  in  length* 

The  insects  of  the  next  tribe,  the  Mantina^  are  also  principally  Inhabitants  of  hot 
climates,  although  a  few  species  are  common  in  the  south  of  Europe.  They  are  ftt 
once  distinguished  by  the  structure  of  their  fore-legs,  which  are  e(Hiverted  into  power- 
ful raptorial  organs.  The  head  is  attached  to  the  extremity  of  the  i»othorax ;  the  £m* 
is  triangular,  the  eyes  large,  and  the  ocelli  three  in  number.  The  prothorax  is  dkmgi^edy 
forming  a  narrow  neck,  which,  in  the  OTdinary  position  of  the  animal,  is  carried  nprigibe. 
From  the  front  of  this  segment  the  raptorial  legs,  which  are  very  singular  in  their 
structure  (see  Fig.  179),  take  their  rise.  They  are  mneh  stouter  than  the  other  leg^; 
the  coxse  are  very  long,  and  are  united  to  the  still  longer  thighs  by  a  snail  trochanta. 
^  The  tibiae  can  be  folded  back,  so  as  to  come  into  close  eontact  with  the  lower  s«r&ae 
of  the  thighs,  which  are  furnished  with  a  distinct  groove  ibr  their  zecepticn.  Each  side 
of  this  groove  and  the  under  side  of  the  tibise  are  armed  with  nmsereiixs  spines  ;  thoifrof 
the  tibias  being  the  sBGollest.     Ckn^isg  these  fosmiddblft  weapoiis  aloAiB  tht  ak^  lk» 

' UigitizeaDyV-jQQgi.. 


THB  ILIHTIB.  ^9 

MaHiidufmtg§9  wiivwliy  aiaag,  aad  their  w3m)]«  attitude  is  so  sotema  tiat  ihef  are regaidM 
with  yeneratioftt;  1ii«  ialiallitaata  of  all  the  cqimtnes  in  which  they  oectir.  la  i^» 
souflt  of  Europe  they  are  uniyersally  known  by  names  indicative  of  the  belief  that  their 
edngvlBr attitode  ia  om  of  prayer ;  and  according  to  aacient  legends  the  Sfantiahofi  not 
alway»eoBfiiied  itself  to  silent  devotion;  for  we  are  told  that  one  of  these  insects,  on 
being  desired  by  St  Francis  Xavier  to  sing  the  praises  of  Grod,  immediately  chanted  a 
beoatifiil  oaatiete.  Another  prevalent  superstition  regarding  these  creatures  is,  that  if 
Hiey  be  asked  the  way  to  a  place  they  will  immediately  indicate  the  right  voad  by  hold- 
ing one  of  their  legs  in  that  direction, — Whence  the  name  of  Soothsayers,  often  applied 
to  these  isseetS)  and  the  Greek  word  Mantis  has  the  same  signification.  ITnfortunately, 
however,  all  these  amiable  qualities  are  purely  imaginary.  The  Mtmiu  is  one  of  the 
most  iKHracieas  of  its  class,  and  only  assumes  this  solemn  and  devout  appearance  for  the 
hegailement  of  its  unsuspecting  victim.  Slowly  and  cautiously  it  steak  along  by  almost 
io^paroeptible  degrees  until  within  striking  distance  of  its  prey,  when  one  of  the  fore- 
legs is  instantly  extended,  and  the  stuggling  victim  is  soon  mangled  by  the  tremendous 
weapons  of  the  destroyer.  Nor  are  these  organs  employed  solely  in  providing  their 
owner  with- nounshment.  These  insects  are  excessively  pugnacious,  and  two  of  them 
east  scutsely  wme  together  without  a  combat,  which  generally  has  a  fatal  termination. 
l%.eir  mancBfuvreS)  in  such  cases,  resemble  those  of  two  horsemen  in  single  combat.  The 
Chinese'  amuse  themselves  with  the  combats  of  these  insects,  which  they  keep  for  this 
purpose  in  Irttle  bamboo  cases. 

The  ManHna  are  sometimes  adorned  with  bnJJiant  eoloars;  but  their  general  tints 
are  green  afid  brawni^  g^^T*  Some  of  them  haTe  a  large  eye-like  spot  on  the  wingK 
Their  antemm  are  usually  rather  long  and  thread-shaped ;  their  tarsi  are  fiye-^inted; 
and  ^e  abdooaen  is  fiimi^ed  with  a  pair  of  short  articulated  caudal  appendages.  The 
eggs  aire  liud  by  l&e  ^bnude  in  rows,  each  egg  inclosed  m  a  separate  cell.  The  entbe 
mass  of  eggs'  is  eoyered  with  a  gummy  substance,  which  afterwards  hardens,  fonsung*  a 
protectiTe  ease.  These  cases,  which  are  (^ten  of  singular  forms,  are  nsuaHy  attacHevI 
to  the  twigs*  of  trees. 

Ill  the  sixth  tribe  (tOie  BhtHna,  er  Coekroaehes)  all  the  legs  are  formed  for  nnmiiig, 
as  in  the  Walking  sticks  ;  but  the  head  is  more  or  less  completely  concealed  benea^  ift« 
aEtteriop  margin  of  tiie  prothorax.  The  antennas  are  very  long  and  bristle-like,  and  eom- 
posed  of  Bomerens  joists.  The  ocelli  are  generally  absent.  The  wings  are  fi«qnently 
wanting,  sometimes  in  the  female  only,  but  often  in  both  sexes ;  the  anterior  wingtr 
orwmg^casesj'are  of  a  leathery  texture,  traversed  by  numerous  retieulated  veins.  They 
lie  flat  <m  the  body,  and  usually  lap  over  each  other  at  the  apex  during  repose.  The 
hnader  wmgs  fold  up^like  a  fan,  excepting  a  rather  broad  piece  of  the  anterior  marg^ 
whieh  lies  flat  The  legs  are  rather  long,  generally  stout,  with  the  tibiife  spinous  and 
the  tarsi  five^jeiDted.  The  body  is  usually  flat,  and  somewhat  ovate,  and  the  abdcoMB 
ie  ftumi^ed  with  a  pair  of  jcnnted  caudal  appendages. 

The  ccfmnwn  Codferoadi,  or  Black-beetle  as  it  is  commonly  called  {Jflatia  onmiall^ 
Fiig.  W&%  wld(^  often  swatms  to  such  an  extent  in  houses  as  to  be  a  com{Ma 
nunanee,  may  serra  as  a  well-known  example  of  thiS  tribe ;  although  in  it  the  wing% 
whi^  m  many  species  attain  at  least  the  length  and  breadth  of  the  abdomen^  a«i 
reduced  tty  a  very  smaB  siro  in  the  males,  whilst  in  the  females  they  are  quite  real. 
meBtaory.  These  insects^  although  now  so  common  all  orer  Europe,  are  suppose*  tft 
hare  been  osigmally  natives  of  India,  and  to  have  been  gradually  carried  westward  by 
fbe  progress  oi  commerce.    This  and  another  species,  the  Slaita  Ammeana,  aze  vw^p 
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Fig.  205.— Common  Cockroach,  or  Black-beetle  (Blatta  crientalis). 
$,  male ;  9,  female ;  A,  egg-case. 


common  on  board  ships,  where  they  find  a  plentiful  nourishment  amongst  the  mer- 
chandize ; .  and  on  shore  they  are  usually  most  abundant  in  seaport  towns. 

They  are  all  nocturnal 
in  their  habits,  concealing 
themselves  in  dark  holes 
during  the  day,  but  com- 
ing out.  of  their  hiding- 
places  when  the  lights 
are  extinguished.  On  the 
introduction  of'  a  light 
into  the  scene  of  their 
nocturnal  prowlings  they 
may  be  seen  scuttling 
away  in  great  disorder 
towards  the  nearest  place 
.  of  concealment ;  and  from 
this  habit,  no  doubt,  the 
ancients,  who  were  well 
acquainted  with  Cock- 
roaches, denominated 
them  lueifiifftB. 
The  common  Cockroach,  and  some  allied  species,  appear  to  haye  the  fkculty  of 
devouring  every  thing  that  comes  in  their  way;  whether  of  an  animal  or  vegetable 
nature  ;  and  when  they  occur  in  great  numbers,  the  damage  they  do  to  provisions  and 
many  other  articles  is  excessive.  They  also  usually  communicate  a  disagreeable  smell 
to  objects  which  they  have  touched,  so  that  they  often  spoil  more  than  they  actually 
consume.  A  large  species  (Blatta  gigantea\  common  in  the  "West  Indies,  is  there 
known  by  the  name  of  the  Drummer^  from  its  curious  habit  of  making  a  knocking 
noise  during  the  night.  This  noise  is  frequently  kept  up  all  night,  the  insects  alter- 
nately answering  each  other,  to  the  great  annoyance  of  those  living  in  the  house  thus 
mfested. 

This  species  is  also  said  occasionally  to  attack  people  when  asleep;  and,  as 
though  its  other  habits  were  not  sufficient  to  create  a  prejudice  against  it,  it  sometimes 
devours  the  extremities  of  the  dead. 

The.  most  remarkable  circumstance,  in  the  history  of  these  insects,  is  the  mode  in 
which,  their  eggs  are  laid.  Instead  of  emerging  singly  from  the  abdomen  of  the  female, 
they  are  inclosed  in  a  homy  case  (Fig.  205  A),  which  is  often  half  as  largo  as  the 
abdomen  of  the  parent.  Within  this  the  eggs  are  ranged  in  two  rows,  separated  by  a 
partitiim  which  runs  down  the  middle  of  the  case ;  each  egg  is  also  separated  from  its 
neighbours  by  a  similar  but  smaller  partition.  Along  one  side  of  the  case  there  is  a 
a^t,  furnished  with  a  pair  of  toothed  plates,  which  fit  closely  together,  and  which  are 
further  secured  by  the  mother  with  a  strong  coating  of  a  sort  of  cement,  which  also 
serves  for  the  attachment  of  the  egg-case  to  any  spot  which  she  may  select  for  this 
purpose.  When  the  larv»  are  hatched  they  speedily  emit  a  fluid  from  their  mouths, 
which  softens  the  cement,  and  enables  them  to  escape  from  their  temporary  prison. 
As  might  be  expected,  the  female  has  some  difficulty  in  getting  rid  of  this  composite 
offering,  and  the  insects  may  often  be  seen  running  about  with  half  the  egg-case  pro- 
truding from  the  apex  of  the  abdomen.    Indeed  the  birth  is  said  to  occupy  from  a  week 
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to  a  fortnight  in  different  species.  By  Dr.  Leach  the  Blattina  w^re  raised  to  the  rank 
of  a  distinct  order,  under  the  name  of  Bietyoptera, 

This  was  also  the  case  with  the  next  and  last  tribe,  the  Forfieulina  or  Earwigs, 
which  constitute  the  order  Lermaptera  of 
Leach,  and  which  Mr.  Westwood,  who  also 
regards  them  as  forming  .a  distinct  order, 
has  denominated  Euplexoptera,  The  latter 
name  refers  to  the  most  striking  charac- 
ter of  these  insects,  viz.,  the  structure  of 
the  hinder  wings,  which  are  exceedingly 
heautiful.  Li  these  the  radiating  ner- 
Yures,  instead  of  finding  their  common 
centre  at  the  base  of  the  wing,  as  is  the  case 
in  most  Orthoptera,  spring  from  the  ex- 
tremity of  a  broad  leathery  piece,  which 
occupies  about  a  third  of   the    anterior  p|g^  206.— Forficula. 

margin.    Other  radiating  nervures  occupy 

the  spaces  between  the  principal  nervures,  but  only  run  from  the  posterior  margin  to  the 
middle  of  the  wing ;  and  the  whole  are  united  by  a  transyerse  nerve,  which  runs  parallel 
to  the  posterior  margin.  By  the  assistance  of  these  nervures  the  wing,  which  is  of  very 
delicate  texture,  folds  up  into  exactly  the  shape  of  a  closed  fan ;  but  as  the  wing-cases  of 
the  Earwig  are  very  short,  the  wings  can  only  be  got  under  them  by  a  very  complicated 
transverse  folding  in  two  places — namely,  at  the  apex  of  the  leathery  basal  piece,  and 
at  a  second  point  about  the  middle  of  the  wing,  where  the  nervures  appear  to  be  thick- 
ened. Even  then  the  apex  of  the  firmer  part  of  the  wing  projects  beyond  the  ely^su 
The  ForJieuUna  are  farther  distinguished  by  having  the  head  exserted,  and  destitute  of 
ocelli,  the  tarsi  composed  of  three  joints,  and  the  extremity  of  the  abdomen  furnished 
with  a  pair  of  forceps,  which  are  often  of  large  size. 

These  insects  appear  to  live  principally  upon  vegetable  substances,  and  as  they  often 
attack  the  petals  of  flowers,  they  are  regarded  as  enemies  by  the  gardener.  They  are 
nocturnal  in  their  habits,  creeping  into  crevices  at  the  approach  of  day.  It  is  this 
instinct  that  prompts  them  to  take  shelter  in  the  flower-pots  and  other  hollow  objects 
usually  placed  as  traps  amongst  the  flowers  which  are  subject  to  their  ravages.  It 
appears  to  be  a  common  belief  almost  everywhere  that  the  Earwig  creeps  into  the  ears 
of  persons  sleeping  in  the  open  air,  passes  thence  into  the  brain,  and  causes  death. 
Bidiculous  as  this  fancy  is,  it  appears  to  have  furnished  the  name  for  the  Earwig  in 
almost  all  European  languages.  The  female  usually  scoops  out  a  hollow  in  the  earth, 
in  which  she  lays  a  small  mass  of  eggs ;  these  she  watches  over  with  great  assiduity 
until  they  are  hatched,  when  she  continues  to  display  the  same  affection  for  the  new- 
bom  young. 

Order  VII. — ^Nbvroptbra. 
Oeneral  Cluuractera. — The  order  Neuroptera  includes  a  number  of  insects  which 
present  a  considerable  resemblance  to  the  Orthoptera  in  their  general  organization,  but 
which  may  usually  be  distinguished  at  the  first  glance  by  the  structure  of  their  wings. 
These  are  almost  always  four  in  number  (Fig.  208),  generally  equal  in  size,  and  mem- 
branous in  texture,  traversed  in  various  directions  by  longitudinal  and  transverse 
nervures,  which  are  often  excessively  numerous.    The  wings  are  generally  kept  flat. 
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Ffg.  Soe.— LibeUnla  eane^atft. 


eyea  duiiiig  repoae,  although  in  aome  infltaTieRfl  the  posterior  pair  aze  fbldefL    In  tha 
stnicture  of  the  mouth  some  of  them  Terj  doaelj  resemble  the  precedKng  order ;  and 

nearly  all  are  fnmished  with  distinct 
mandibles  and  nufc-gilla*^  although  ia 
one  group  these  organs  are  Tery  in- 
conspicuoufl.  The  head  is  nsni^ 
large,  and  diatiactly  separated  from 
the  body  ;  the  eyes  are  almost  ahrays 
of  large  size,  and  assisted  by  twt>  or 
three  ocelli;  the  antennffi  are  either 
thread-like  or  brislie-shaped  organs. 
The  segments  of  the  thorax  are  dis- 
tinctly recogmsable,  and  the  difisiiNi 
between  the  thorax  and  abdomen  is 
always  distinct ;  although  the  latter  is 
generally  sessile,  or  attached  to  the 
last  thoracic  segment  by  its  whole 
breadtiu  The  legs  are  of  moderate 
siae,  and  the  number  oi  joints  in  ibm 
tarsi  iraries  from  two  to  Ave.  The 
extremity  of  the  abdomen  is  ne^fer 
armed  with  a  multiralvB  ovipo8itn>. 
The  metamorphosis  {Fig,  187)  of  these  insects  approaches  nearer  completeness  than 
tiiat  of  &e  Orih0p40r»-'4h.9  lonre  and  pup»  generally  exhibiting  less  resemUaace  t» 
the  perf^  inaeots  than  in  that  order.  The  amount  of  resemblance  between  the  different 
stages  of  t^ese  insects  is,  howerer,  very  yariable  in  the  different  groups  composiBg 
the  order;  so  mudi  so^  in  fact,  as  to  haire  induced  some  natoEralists  to  separate  them 
into  two,  or  even  three  orders.  We  may  adc^  l^ese  as  our  primary  diTiaions  or  sub» 
ordiars. 

IMwlsioaaii — In  one  of  tkem,  forming  the  DiciyoiopUra  oi  Busmeister,  the  insect* 
are  aetire  and  TOTaeious  in  all  their  stages ;  and  although  the  appearaaoe  of  the  larrw 
and  pup»  rardy  resembles  tiuii  of  the  perfect  insect  Tery  dosely,  yet  this  similari^  m 
greater  than  in  &e  oKher  two  sub-orders,  in  these  the  metamorphosis  is  mucli  mm* 
coo^ilete.  The  pupa  always  presents  a  much  closer  resemblance  to  the  perfect  inscet 
than  the  lanra ;  and  the  intermediate  stage  of  development  is  passed  in  a  quiescent  state^ 
althoogb  the  pupa  aeqiurro  thepowm?  of  motion  a  little  before  its  emergence  in  the 
perf^  jferm^  In  the  Plcmiptnnia  the  wings  are  flat,,  memhranons,  generally  equal 
in  nse^  and  naked;  and  the  organs  of  the  mouth  are  usually  well  dereloped ;  whilst 
in  tiie  I^i$k$pUr€  the  hinder  wings  are  larger  than  the  anterior  pair,  and  folded  ia 
repose.  The  whole  of  the  wings  are  more  or  less  clothed  with  minute  haiia ;  and  the 
mouth  is  of  very  weak  construction,  and  evidently  incapable  of  biting. 

SuB-OsDrnt  I. — ^DlCTTOTOrTBRil. 

JMrisions. — Of  tSie'  THetyoiopfera  some  'are  aquatic  in  their  habits  m  ti^  harm 
state,  whilst  others  are  always  aerial.  Of  the  latter,  whieh  make  the  nearest  approach 
to  the  OrtXopttrtfy  the  Termifidm,  or  White  Ants,  are  the  most  important.  These 
insects  Gto  id  vast  communities,  principally  in  the  hotter  regions  of  the  earth,  where 
they  dia  xncredibte  damage  by  devouring  everything  that  comes  in  their  way.    I^ven 
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Fig.  209.— Qneea.  in  tlM  winged  state,  and  filled  wifb.  eggs. 


iFOod  is  mempMe  of  vesistiag  their  ravages ;  for  they  will  gnaw  awaj  tile  interior  of 

beaims  and  artieles  of  fiomifcure,  kairing  a  thin  shell  to  conceal  their  operations,  so  that 

tiie  mischief  is  not  ^sco'vered,  until,  &om  its  weakness,  the  ohject  falls  to  pieces  on 

being  tondbecL 

Oenaidfivahle  imcertaiBty  bUH 

mpp9ta»  to  exist  as  to  the  real 

constitation  of  the   societies    of 

tliese  ittwoti.    According  to  Lat- 

reille  they  consist  of  fire  classes 

of  iBdividiials.    Of  these,  two  are 

UMkwbtedly  males  and  females, 

whi^  at  first  are  exaetly  nmiter, 

and  famished  with  ioxxt  nearly 

eqnal  wnigs. 
After  impregnation  the  abdomen 

of  the  fbmale  increases  rastly  in 

bIeo,  "Scorn  the  immense  number  oi 

eggs  eoBtained,  which  are  so  nu- 
merous that  it  is  said  as  many  aa 

eighty  thousand  are  sometimes  laid  by  one  female  in  the  course  of  twenty-four  hours. 
The  great  bulk  oi  the  oommimity  is  composed  of  apterous  indi- 
viduiJs,  supposed  to  be  larvae,  which  closely  resemble  the  winged 
insects,  but  are  destitute  of  eyes  and  ocelli.  These  are  the  woikeni, 
and  upon  them  all  the  labour  of  the  oommimity  devolves.  Other 
apterous  individuals,  apparently  pupe,  resemble  the  workers,  but 
have  four  tubercular  wing-cases  on  the  thorax ;  whilst  otkcis,  di»>^ 
tinguished  by  the  large  sise  of  their  jaws  (Fig.  210),  and  whi^ 
appear  to  be  neuters,  are  caUed  Soldiers ;  their  office,  apparently, 
being  the  defence  of  the  community  against  the  assaults  of  enemifs. 

The  habitations  raised  by  thes^  diminutive  creatures  are  amongst  the  most  smpvisiBg 

of  insect   edifices.       They    are 

usually  built  upon  the  groimd, 

but     sometimes     amongst    the 

branches  of  trees,  whence  they 

communicate  with  the    ground 

by  a  long  gallery,  twining  round 

the  branches  and  trunk  of  the 

tree.    Those  built  on  the  ground 

are  of   various   forms,    two  of 

which    are   represented  in   the 

annexed  wood-cut    (Fig.  211) ; 

but  the  most  usual  shape  is  an 

irregular  cone.    These  nests  are 

f^requently  as  much  as  ten  or 

twelve  fbet  in  height,  built  of 

eartl^  parities,  which  the  workers  masticate,  and  thes  apply  to  this 

speedily  dries,  and  becomes  very  hard.    The  nest  Is  divided  internally  into  nnmeioas 

oltambers  and  gaUerks  (Fig.  312),  in  one  of  which  the  impregnated  fiamide  or  queen  is 


Fig.    210.— Wldte 

Ant  Soldier. 


Rg.  211.— Nests  of  White  Ants. 
5,  Tcrmes  ftttaUs;   6,  Termes  atroz. 


It 
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imprisoned,  waited  upon  obsequiously  by  a  numerous  train  of  attendants,  whose 

apartments   are  in   the   immediate 


Fig.  212.— Section  of  Nest  of  Termes  fatalis. 

a,  royal  chamber ;  b,  apartments  of  royal  attendants ; 

c,  nurseries  and  magazines ;  dj  lower  roof ;  e,  upper 

roof;  ft  bridges ;  g,  dome  of  nest ;  AA,  walls  of  dome, 

penetrated  by  passages  it ;  k,  underground  passage. 


yicinity  of  the  royal  chambier.  These 
attendants  carry  off  the  eggs,  as  soon 
as  laid,  into  separate  chambers  or 
nurseries,  where  the  young  produced 
from  them  are  tended  with  the 
greatest  care  by  the  workers.  The 
interior  of  the  nest  forms  a  large 
dome,  with  thick  wall,  within,  which 
there  are  usually  two  or  three  roofs ; 
the  walls  are  perforated  by  passages 
leading  from  the  bottom  of  the  nest 
to  the  magazines  and  nurseries 
placed  in  its  sides,  which  also  fre- 
quently conmiunicate  with  the 
ground  floor  by  small  earthen 
bridges.      Other   species,    although 


differing   in  details,  follow  the  same  general  principles,  in  the  construction  of  their 
nests. 

The  antennae  of  the  Termitida  are  thread-shaped,  and  composed  of  about  twenty 
joints ;  the  eyes  are  rather  small,  but  prominent,  and  the  ocelli  two  in  number.  The 
structure  of  the  mouth  presents  a  close  resemblance  to  that,  of  the  Orthoptera,  The 
thoracic  segments  are  distinct,  the  wings  large,  equal  in  size,  membranous,  and  tra- 
yersed  by  numerous  branched  nervures,  and  the  legs  are  short,  and  furnished  with  four- 
jointed  tarsi.  The  abdomen  is  furnished  with  a  pair  of  minute  caudal  appendages. 
Only  two  or  three  species  of  these  insects  are  found  in  Europe ;  and  although  these 
can  make  no  pretensions  to  rival  their  tropical  brethren  in  destructiveness,  yet  the 
ravages  of  one  species  have  produced  considerable  consternation  of  late  years  in  the 
city  of  Rochelle,  in  France. 

Nearly  allied  to  these  are  the  Psocida,  a  family  of  minute  insects,  distinguished  by 
haying  their  labial  palpi  very  minute,  their  tarsi  composed  of  two  or 
three  joints,  and  the  hind  wings  smaller  than  the  anterior  pair. 
Several  species  of  insects  belonging  to  this  family  are  common  in 
this  country,  and  one  species,  the  Atropos  puhatariua  (Fig.  213), 
which  appears  never  to  acquire  wings,  is  often  met  with  in  abundance 
in  badly  kept  collections  of  insects,  dried  plants,  &c.,  to  which  it  is 
very  injurious.    The  name  oi  puUatoriw^  given  to  this  insect,  refers 
to  its  power  of  producing  a  sound  like  the  ticking  of  a  watch,  whence  _.     g. ,  ^.^^ 
it  has  often  been  denominated  the  death-watch.     The  generic  name        pulsatorius. 
Atropos  also  hints  at  this  popular  superstition. 

The  remainder  of  the  Dictyotoptera  pass  through  their  preparatory  states  in  the 
water ;  and  it  is  not  until  the  perfect  insect  is  about  to  emerge  from  the  skin  of  the 
pupa  Ihat  the  latter  leaves  its  native  element.  It  then  creeps  out  of  the  water,  either 
on  to  the  stones  on  the  brink,  or  up  the  stems  and  leaves  of  aquatic  plants;  and  from 
this  position  the  imago  is  able  to  spring  at  once  into  the  air,  without  any  danger  of 
being  drowned  in  its  native  element. 

In  the  Ferlida,  which  approach  most  closely  in  their  structure  to  the  preceding 
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&niilie8,  the  antennsB  are  filifonn,  as  in  Uiose  insects,  but  the  posterior  wings  are  con- 
siderably larger  than  the  anterior,  beneath  which  they  are  folded  in  repose,  and  the 
abdomen  is  furnished  with  a  pair  of  rather  long,  jointed  caudal  appendages,  which  are 
also  present  in  the  larva.  The  tarsi  are  composed  of  three  joints ;  the  organs  of  the 
mouth  are  of  a  softish  texture,  the  mandibles  usually  rudimentary,  and  the  palpi  both 
of  the  nuudllse  and  labium  well  deyeloped. 

The  larva  closely  resembles  the  perfect  insect,  and  is  found  in  plenty  in  lakes,  ponds, 
and  rivers,  on  the  borders  of  which  the  insects  themselves  may  also  be  met  with  in 
abundance.  The  weU-known  Stme-fly  of  the  angler,  which  is  said  to  be  an  excellent 
bait  for  Trout,  is  a  species  of  this  family  {Ferla  bicaudata).  They  are  carnivorous 
insects,  but  sluggish  in  their  movements.  The  respiration  of  the  larva  is  effected  by 
means  of  gills  attached  either  to  the  thorax  or  to  the  abdomen,  the  form  of  which  varies 
greatly  in  different  species.  In  one  genus  (Fteronareys)  which  inhabits  North  America, 
these  branchial  orgafis  are  persistent  in  the  perfect  state. 

This  sub-order  includes  two  other  groups,  distinguished  from  the  preceding,  and 
indeed  from  all  the  other  Neuropiera^  by  their  small  awl-shaped  antenne.  They  form 
the  section  Suhdieomet  of  Latreille.  The  £^>hemmda  are  distinguished  by  the  small  size 
of  their  hinder  wings,  the  rudimentary  condition  of  the  organs  of  the  mouth,  and  the 
long  jointed  bristles  with  which  the  tail  is  furnished.  The  antennas  are  composed  of 
only  three  joints ;  the  eyes  are  usually  large,  and  the  ocelli  three  in  number.  These 
insects  are  well-known  to  the  angler  as  May-jQies.  They  are  also  called  Bay-flies,  from 
the  shortness  of  their  ex- 
istence in  the  perfect 
state;  and  the  generic 
name  of  the  tvpical  group 
also  refers  to  their  ephe^ 
meral  life.  Their  trans- 
formations have  already 
been  figured  (page  342]. 
Both  larvBB  and  pup©  pre-  ^^8^-  2l4.-May-fly  (Ephemera), 

sent  a  considerable  resemblance  to  the  perfect  insect ;  but  the  entire  period  of  the  pre- 
paratory stages  is  passed  in  the  water,  and  the  insects  are  then  furnished  with  a  row 
of  very  curious  gill-laminse  along  each  side  of  the  abdomen.  During  this  period  the 
larvoQ  and  pupsa  make  themselves  little  burrows  in  the  sides  of  the  pond  or  stream  in 
which  they  live,  and  these  burrows  have  two  openings ;  so  that  if  the  insect  enters  by 
one  it  can  pass  out  by  the  other  without  the  necessity  of  turning  round  in  its  narrow 
domicile.  The  caudal  filaments  are  present  in  the  larva,  but  much  shorter  than  in  the 
imago.  On  arriving  at  maturity  the  pup»  come  out  of  the  water,  when  the  perfect 
insect  emerges  from  its  case,  and  takes  to  fiight.  It  is  still,  however,  inclosed  in  a  very 
delicate  pellicle,  to  get  rid  of  which  it  soon  attaches  itself  by  its  claws  to  any  object  that 
may  be  at  hand,  and  after  a  few  struggles  leaves  this  encumbrance  behind  it,  and  fiies 
away.  After  this  last  change  the  insect  exhibits  its  brightest  colours,  and  the  tails 
grow  to  twice  their  previous  length.  The  emergence  of  these  insects  from  the  water 
appears  always  to  take  place  in  the  evening ;  and  as  the  whole  of  the  Ephemera  in  a 
river  appear  to  arrive  at  maturity  at  the  same  period,  they  generally  make  their 
appearance  in  such  countless  swarms,  for  two  or  three  evenings,  that  the  effect  produced 
by  oAe  species  with  white  wings  has  been  compared  to  a  heavy  faU  of  snow.  By  the  next 
morning  the  majority  of  these  insects  are  found  lying  dead  upon  the  shore  in  heaps. 
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Ha  oooumnee  of  titese  swwms  of  ICay-fliflB  hat  bcnoterfvda  difisreBt  parts  «f 
Soropo,  in  HoUsuul,  Fisace,  i&d  Switvedbniid ;  «akl  it  appeara  timtjtiie  flpedasfMBd  !& 
each  of  tiidse  localities  is  distiaet  fiRxm  tiis  rest  In  SwitaedaBd,  inAsed,  1^  «wanns 
of  two  species  are  on  reoovd,  one  infaabitmg  liie  Itabe  of  Genen^  aad  ^e  ot^er  libs 
Bhlne  near  Basle.  Our  common  sy^ecies,  tibe  JSpAemem  fmigota  (1%.  214),  also  oocun 
in  profusion  for  a  few  days  in  the  rivers  freqaested  hff  it,  but  not  \bj  any  hwiibib  to  the 
same  extent  as  the  continental  speeieB  just  refeired  to.  This  aad  serend  odmr  4^ecies 
of  die  family  are  faTourite  baits  for  Trout 

The  ZibellulidcB  (Fig.  208)  are  characterized  by  thear  Ibar  large,  nearly  equal,  Td&- 
colated  vings,  by  the  powerfdl  stnictiue  of  their  moalihs,  and  tiie  shortness  of  the  caudal 
appendages,  which  moreoyer  are  not  jointed.  ■  The  anteuus  are  composed  of  from  fire 
to  eight  joints ;  the  eyes  are  very  lai^e,  genendly  meeting  on  the  top  of  tbe  head,  which 
also  bears  three  ocelli. 

These  are  exceedingly  elegant  but  Toracioas  insects,  "which  may  be  seen  in  ^e 
summer  woatier  hawking  about  over  ihe  surface  of  ponds  and  riTers  in  seaieh  of  insect 
prey.  They  are  well  known  in  this  country  as  Dragonoflies ;  Bie  Fre»<di  oaU  them 
^^BemcdseUes/'  probably  xn  allusion  to  the  elegance  of  their  forms  u&d  tiie  grace  of 
their  movements.  The  vulgar  [English  name  of  fiorsensftingera  is  peouMsrly  inappro- 
priate, as  these  insects  possess  no  means  of  annoying  either  horses  or  any  o^er  of  the 
larger  animals. 

The  humd  and  pupe  of  the  ZibeUtOicUe  inhabit  the  water,  from  which  <3ie  pupa 

emerges  when  the  perfect  insect  is  ready  to  commence  its  aerial  existeaoe.    The  empty 

'    pupa  skin  may  often  be  aeoi  attached  to  aquatic  plants.    The  stnictuie  of  the  lower 


Fig.  215.— A,  the  pupa  with  its  ma&c ;  B,  the  same  with  themaak  closed,  and  dlsohacgxag  a  onrreat 

of  water  from  the  anus. 

lip,  in  the  preparatory  states  of  these  insects,  is  very  singular ;  it  has  been  denomuMted 
a  mask  by  many  authors.  It  consists  of  two  princi^  pieces  (Fig.  215),  one  of  which 
is  articulated  to  the  head,  whilst  the  second  is  attached  to  its  >extz«mity.  At  the  tspex 
of  this  second  piece  two  jaw-like  organs  are  articulated.  In  fiepose  this  lip  is  Raided 
beneath  the  head,  but  caai  be  immediately  extended  to  a  'cosisiderable  distance  in  front 
of  the  head,  so  as  to  seize  any  minute  insects  or  naall  fishes  tikat  may  pass  bofote  ^ho 
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Fig.  216.— Calcpteryx  virgo. 


«TeatTi0e,  wfiich  is  rvrj  slttggiA  in  its  motvmmtB.    Tiie  respaMm.  xf  Un  Ume  of 

flome  of  I3iese  insects  is  not  effected  by  eztennl  Vniu^dtt,  bui  1^  the  ealniiee  'Of  lite 

water  into  the  cavity  of  "flie  body,  where  it 

oomes  in  oontact  with  ihe  trac&ese,  which 

deprire  it  of  the  airdissdTed  in  it ;  it  is  then 

forcibly  expeJled  Ihrongh  the  eipening  by 

wMch  it  entered  (Fig.  23  5).    The  resistance 

offered  to  the  ex]^tilsion  of  this  water  also 

enables  the  larra  to  progress  alowly .  In  some 

of  the  smaller  spedes  tiie  larv'a  is  furnished 

WTt^  three  narrow  elongated  caudal  plates. 

One  of  the  most  beautiful  species  in- 
habiting this  country  is  the  CaUpt&ryx  virg^  (Fig.  216),  whi(^  is  mot  izncominon  ^n  the 
mdes  of  rivers.  It  is  of  a  deep  steel-blue  colour,  and  the  wings  hare  a  Iwrge  dwt 
pstcli  near  tiie  apex.  Some  ezotio  spemes  allied  to  this  hare  the  abdomen  at  leart  six 
indies  long. 

^B-ciKDrat  II.— Plakipeknia.. 

In  this  Bub-order  the  wings  are  always  nearly  equal  in  size,  reticulated,  and  gene- 
rally laid  flat  upon  the  back  when  at  rest,  the  posterior  pair  never  folded.  Thelabium  is 
usually  notched  at  the  apex,  but  never  deeply  cleft,  as  in  l^e  preceding  group.  The 
antennae  are  generally^Jong,  and  either  filiform'or  gradually  tapering  to  the  tip.  The 
pupa  is  quiescent. 

IMiTisions.— In  one  family,  the  5/a/ui^,  the  larva  is  aquatic  in  its. habits,  and 
tho  perfect  insect  is  always  found  in  the  neighbourhood  of  water.  When  matuie  ihe 
larva  quits  the  water,  and  forms  a  cavity  in  the  bank,  where  it 'passes  tJie  jiupa  stage. 
These  insects  are  distinguished  by  the  large  size  of  the  pr0&orax,  which  is  nearly 
square. 

The  remaining  families  pass  the  whole  of  tibcar lives  in  the  air.  Of  these,  one  species, 
the  curious  J!fyrm^?(p<w^«f«,  or  Ant- 
lions,  are  distinguished  by  their 
clavate  antennaB,  which  are  usually 
short ;  although  in  one'genus  these 
organs  are  elongated,  and  knobbed 
at  the  extremity,  in  the  same 
way  as  those  of  Butterflies. 
The    ocelli     are    wanting;    the 


Pig.  2T7.--Mynneleo.  Fig.  218.— PitfaU  of  the  Ant-Uon. 

labial  palpi  are  very  long,  and  the  wings  are  large  and  finely  reticulated,  and  during 
repose  Ue  in  a  roof-like  form  upon  the  sides  of  tiie  body  (Fig.  217).  Some  of  these 
insects,  which  are  all  exotic,  are  remarkable  from  the  habits  of  their  larvss,— small, 
sluggish,  oval  creatures,  furnished  with  a  most  formidable  pair  of  jaws.    These  curious 
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UtUe  creatures  excavate  conical  pits  in  the  sandy  places  which  they  inhabit  (Fig.  218), 
at  the  bottom  of  which  they  conceal  themselyes  entirely,  with  Uie  exception  of  the 
head  aad  powerful  jaws.  Here  they  wait  patiently  until  some  prying  ant  or  other 
insect  unwarily  strays  into  their  domain,  when  the  unfortunate  intruder  generally 
slips  to  the  bottom  of  the  pit,  and  is  soon  destroyed  by  the  merciless  jaws  of  the  Ant- 
^ion ;  but  if  the  yictim  shows  any  intention  of  making  his  escape,  a  shower  of  sand 
thrown  up  by  the  latter  soon  arrests  his  progress,  and  generally  brings  him  down  to 
the  fangs  of  the  destroyer.  It  is  entirely  by  sucking  the  juices  of  its  yictims  that  this 
Toraeious  little  creature  exists ;  and  when  these  are  exhausted,  the  carcase  is  imme- 
diately thrown  out  of  the  pit  by  a  sudden  jerk  of  the  jaws.  The  larrae  of  other 
species  appear  to  prowl  about  upon  and  under  the  surface  of  the  ground  without  making 
pitfalls. 

The  Hemerohiiday  which  axe  closely  allied  to  the  preceding  insects,  are  generally 
beautiful  and' delicate  insects,  with  soft  bodies,  large,  delicate,  and  finely  reticulated 
wings,  and  long  filiform  antennsB.  They  possess  no  ocelli ;  but  the  eyes  are  large, 
prominent,  and  usually  of  a  beautiful  golden  colour.  The  larvse  of  these  insects— of 
which  several  species  are  foimd  in  this  country — are  amongst  the  greatest  enemies  of 
the  Aphtdesj  which  they  suck  by  means  of  their  curiously-constructed  jaws.  The  eg^ 
are  laid  in  little  bunches  upon  leaves,  each  egg  being  supported  at  the  extremity  of  a 
long  footstalk,  which  gives  them  a  most  singular  appearance.  Many  of  them  are 
elegant  creatures.  They  fly  generally  in  the  evening,  and  most  of  them  emit  a  most 
disagreeable  odour  on  being  disturbed  or  touched.  The  pupa  is  inclosed  in  a  cocoon. 
The  Fanorpida  are  characterised  by  the  form  of  the  head,  which  is  prolonged  below 
into  a  sort  of  rostrum,  at  the  extremity  of  which  the 
mouth  is  situated.  They  have  long  slender  antennse 
and  three  oceUi,  and.  the  extremity  of  the  abdomen  is 
often  furnished  with  a  curious  forceps-like  appendage, 
whence  the  commonest  English  species  has  obtained  the 
name  of  the  Scorpion-fly  (Fig.  219).  These  insects  are 
found  commonly  about  hedges  in  damp  situations ;  but 
little  is  known  of  their  habits. 
Fig.  219.— Scorpion-fly.  The  two  last  families  are  distinguished  from  the 

(Panorpa}.  preceding  by  the  greatlength  of  the  prothorax,  which  forms 

a  slender  neck,  from  which  circumstance  the  few  British 
species  are  denominated  tnake-JUea,  In  the  lUiphidiida  the  fore-legs  are  formed  for 
walking,  the  head  bears  three  ocelli,  and  the  antennss  are  long  and  slender ;  the  abdomen 
of  the  female  is  furnished  with  a  long  ovipositor.  The  larvae  are  said  to  live  under  the 
bark  of  trees ;  and  the  insects  are  generally  found  in  woods.  This  feunily  includes 
several  British  species ;  but  none  of  die  next  family,  the  Maniiapida,  occur  in  Britain. 
These  ciuious  little  insects  are  furnished  with  long  raptorial  fore-legs  exactly  like  those 
of  the  Orthopterous  Mantidte,  near  which  they  have  indeed  been  sometimes  arranged. 
They  have  no  ocelli,  their  antennse  are  short,  and  the  female  has  no  ovipositor.  They 
resemble  the  Baphidiida  in  their  habits ;  and  both  fSunilies— especially  the  second— are 
apparently  very  predaceous. 

SUB-OHBER  III. — ^T&ICHOFTERA. 

The  sub-order  Triehopiera,  including  only  the  large  tribe  or  family  of  Phrygatrnda^ 
exhibits  the  most  complete  metamorphosis  of  any  of  the  Nturoptera,    The  larv», 
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Fig.  220.— Phryganea  grandis. 
A,  larva  in  Its  case ;  B,  grating ;  C,  imago. 


which  are  aquatic,  in  fact  present  almost  as  little  resemblance  to  the  imago  as  those  of 
some  metabolous  insects.  They  are  long,  softish  grubs,  famished  with  six  feet,  and  with 
a  homy  head  armed  with  jaws,  generally  fitted  for  biting  vegetable  matters,  although 
some  appear  to  be  camiyorous.  To  pro- 
tect their  soft  bodies,  which  constitute  a 
very  favourite  food  with  fishes,  these  larvae 
always  inclose  themselves  in  cases  formed 
of  various  materials ;  bits  of  straw  and 
sticks,  pebbles,  and  even  small  shells, 
being  commonly  employed  in  this  manner. 
The  materials  of  these  curious  cases  are 
united  by  means  of  fine  silken  threads, 
spun  like  those  of  the  Caterpillars  of 
the  Zepidoptera,  from  a  spinneret  situated 
on  the  labium.  In  increasing  the  size  of 
its  case  to  suit  its  growth,  the  larva  is 
said  to  add  only  to  the  anterior  end,  cut- 
ting off  a  portion  of  the  opposite  ex- 
tremity. When  in  motion,  the  larva 
pushes  its  head  and  the  three  thoracic 

segments,  which  are  of  a  harder  consistence  than  the  rest  of  the  body,  out  of  its  case 
(Fig.  220) ;  and  as  the  latter  is  but  little,  if  at  all,  heavier  than  the  water,  the  creature 
can  readily  drag  it  along  behind  it,  thus  keeping  its  abdomen  always  sheltered. 
It  adheres  stoutly  to  the  inside  of  its  dwelling  by  means  of  a  pair  of  articulated 
caudal  appendages,  generally  assisted  by  three  tubercles  on  the  first  abdominal 
segment. 

Before  passing  to  the  pupa]  state,  the  larva  fixes  his  case  to  some  object  in  the  water, 
and  then  closes  up  the  two  extremities  with  a  silken  grating,  through  which  the  water 
necessary  for  the  respiration  of  the  pupa  can*easily  pass.  The  pupa  is  furnished  with  a 
large  pair  of  hooked  jaws,  by  means  of  which,  when  about  to  assume  the  perfect  state, 
it  bites  through  the  grating  of  its  prison,  and  thus  sets  itself  free  in  the  water.  In  this 
form  the  pupas  of  some  species  swim  freely  through  the  water  by  means  of  their  long 
hind  legs,  also  creeping  upon  the  other  four  limbs ;  these  frequently  rise  to  the  surface 
of  the  water,  and  there  undergo  their  final  change,  using  their  deserted  skin  as  a  sort  of 
raft  from  which  to  rise  into  the  air,  whilst  [others  generally  creep  up  the  stems  of 
aquatic  plants  for  the  same  purpose. 

The  perfect  insects  {Phryganea  grandU,  Fig.  220)  have  four  wings,  with  branched 
nervures,  of  which  the  anterior  pair  are  clothed  with  hairs ;  the  posterior  are  folded  in 
repose.  The  organs  of  the  mouth,  except  the  palpi,  are  rudimentary,  and  apparently 
quite  imfit  for  use.  The  head  is  furnished  with  a  pair  of  large  eyes,  and  with  three 
ocelli,  and  the  antennae  are  generally  very  long.  Some  species  are  so  exactly  like 
Moths,  that  they  have  often  been  supposed  to  belong  to  ihQ  Lepidopterous  order;  and^ 
in  &ct,  these  insects  may  be  considered  to  form  a  connecting  link  between  the 
Neuroptera  and  ihQ  Lepidoptera,  The  females  have  been  observed  to  descend  to  the 
depth  of  a  foot  or  more  in  water,  in  order  to  deposit  their  eggs. 

Many  species  of  these  insects  are  found  in  Britain.  The  larvae  are  well  known  to 
anglers  under  the  names  of  Gaddis-wonns  and  Straw* wormsL  They  ore  said  to  be  excel- 
lent baits. 
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Sub-class  III. — Mxtasola. 

In  this  sub-class  the  metamorphosis  is  what  is  termed  complete,  ihe  larva,  pupa,  and 
imago  being  generally  very  distinct  in  appearance.  The  larva  is  either  a  maggot,  grab, 
or  caterpillar,  and  the  pupa  is  quiescent,  and  inclosed  in  a  skin  or  case. 

Obdeb  VIII. — ^Aphantptera. 

This  little  order,  whidhi  only  includes  the  Fleas,  of  which  one  species,  at  any  rate, 
is  probably  even  too  well  known  to  many  of  our  readers,  presents  an  exceedingly 
remarkable  structure,  which  has  been  a  frequent  source  of  perplexity  to  systematists. 
By  many  recent  authors  these  insects  have  been  arranged  with  the  Diptera  ;  but  they 
differ  firom  these  so  essentially  in  many  of  their  characters  that  we  have  preferred 
retaining  them  as  a  separate  and  independent  order. 

The  external  covering  of  the  Flea  is  a  homy  case,  formed  of  very  distinct  segments 
(Fig.  221)  y  those  of  the  thorax  being  always  disunited.   Although  apparently  apterous, 


Fig.  221.— Flea  (Pulex  irritans). 
A,  mouth ;  x,  supposed  labrum ;  mdt  mandibles ;  mx,  maxillae ;  mp,  maxillary  palpi ; 
Ip,  labial.palpi. 

the  Flea  has  the  rudiments  of  four  wings,  in  the  form  of  homy  plates,  on  the  sides  of 
the  meso-  and  metathoracic  segments ;  the  hinder  pair  of  plates  is  the  largest.  The 
mouth,  which,  as  is  well  known,  is  eminently  suctorial,  is  of  a  very  curious  constradaon 
(Fig.  221  A),  and  the  oral  organs  are  so  singularly  formed,  that  their  homologies  haye 
frequently  puzzled  entomologists.  They  consist  of  a  pair  of  sword-shaped,  finely 
serrated  mandibles,  which,  with  a  sharp,  needle-like  organ  (supposed  to  represent  the 
labrum),  appear  to  constitute  the  formidable  offensive  weapon  with  which  the  Fleas 
pierce  the  skin  of  their  victims.  These  are  sheathed  by  the  three-jointed  labial  pal^ 
The  labium  and  maxillse  are  very  small ;  but  the  maxiUary  palpi  are  long,  and  composed 
of  four  joints,  and  stand  out  from  the  head  in  such  a  manner  as  to  have  been  generally 
mistaken  for  the  antennss.  The  latter  organs  are  of  minute  size,  and  are  generally 
concealed  beneath  a  valve-like  plate,  on  the  sides'of  the  head  behind  the  eyes,  although 
some  species  occasionally  carry  them  exserted.  The  legs  are  strong,  the  hinder  pair 
especially,  by  means  of  which  these  active  Uttle  creatures  execute  their  surpiisiiig 
leaps. 

The  larva  of  the  Flea  is~  a  long,  footless  grob,  famished  with  a  distinct  homy 
head.  They  are  hatched  from  eggs  laid  by  the  female,'  generally  in  the  nd^^ 
bourkood  of  animal  matter.  The  eggs  of  the  common  species  are  usually  laid  in 
the  cracks  of  floors  and  similar  places.  The  larrBS  are  active,  and  when  they  «fclH& 
themselves  to  dogs  or  other  animals,  they  twist  about  freely  amongst  the  hain  ag 
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feathen,  £Mding^  vpoa  mimite  parfctdeB  o£  animftl  Butter.  In  about  twelye  daya  tha 
lar¥8»ara>  foil  grown.  They  then  inakneliMiiurailTea  in  a  UtttesUky  cocoon,  and  pafl»  to 
the  papa  stata.  In  this  condition  the  insect  is  quieflcenty  inclosed  in  a  akin  which  fits 
0T«r  all  parts  of  t2ie  body.  The  perliBct  insect  emerges  in  about  a  fortnight.  Most  oi 
the  species  of  Fleas,  or  Fulieid€Sj  are  parasitic  upon  particular  aAinttl8>-~one  of  tha 
largest  being  found  upon  tbe  Mole. 

A  mihnte  species,,  inhabiting  the  West  Indies  and  South  America,  the  Chigof  or 
Jigger  {jhd»  pemtitarans)y  is  remarkable  fnr  the  habit  possessed  by  the  femala  of 
inaertiBi^  herself  beneath,  the  skin  of  the  foot,  generally  under  the  nails.  In  this 
sitaation  her  abdomen  sveUs  to  about  the  size  of  a  small  pea,  in  consequence  of  the 
devekpment  of  eggs  in  the  oraries,  occasicming  great  pain  and  irritation  of  the  part, 
and  if  not  extracted  in  time  the  eggs  are  said  to  be  hatched  within  the  woimd,  pro- 
ducing extensive  ulceration,  and  sometimes  eren  causing  death.  The  feet  of  dogs  are 
alsa  aitedoed  by  this  pest ;  and  it  is  said  that  the  unfortunate  creatures  may  often  be 
seen  rolling  about  and  nibbling  their  toes  in  a  state  of  the  greatest  agony. 

Order  IX.— Dipteba. 

General  Ghaxacten.— The  order  Dipteroy  as  its  name  implies,  is  characterized 
by  the  possession  of  only  a  single  pair  of  wings.  These  are  attached  to  the  mesotho. 
racic  segment ;  and  the  metathoraz,  instead  of  wings,  bears  a  pair  of  small  clubbed 
organs  {hdUeresy  Fig.  181),  which  appear  to  be  the  representatives  of  the  posterior 
wings..  Some  entomologies,  indeed,  deny  them  this  character,  which  they  ascribe  to  a 
pair  of  small  membranous  organs,  the  altiletsy  attached  to  the  base  of  the  true  wings ; 
but  this  opinion  appears  to  be  founded  in  error.  The  halteres  appear  to  be  the  most 
characteristic  organs  of  the  order,  as  they  are  present  in  those  dipterous  insects  whose 
wings  are  wanting.  The  segments  of  the  thorax  are  generally  fused  into  a  mass,  their 
limits  being  indicated  externally  by  more  or  less  distinct  furrows.  The  prothorax  is 
always  very  small. 

The  head  is  generally  of  considerable  size,  and  famished  with  a  pair  of  large  com- 
pound eyes,  which  often  occupy  nearly  its  entire  surfeu^e.  It  is  usually  attached  to  the 
thorax  by  a  narrow  neck,  and  the  crown  bears  two  or  three  oceUi.  The  structure  of 
the  mouth  has  already  been  described  (p.  334,  Fig.  176).  The  antennee  are  alwaye 
placed  on  the  front  of  the  head  between  the  eyes.  Their  form  is  very  variable.  The 
legs  are  well  developed,  sometimes  very  long.  The'  tarsi  are  composed  of  five  jointly 
terminated  by  a  pair  of  claws,  and  fumiahed  with  two  or  three  soft  pulvilH,  by  the 
assistance  of  which  these  creatures  are  enabled  to  walk  with  ease  upon  the  smoothes! 
surfaces,  even  in  a  perpendicular  or  reversed  position. 

The  abdominal  rings  are  distinct,  and  usually  of  a  firmer  texture  than  the  rest  ol 
the  body ;  some  of  the  apical  segments  in  the  females  are  often  converted  into  a 
telescope-like  ovipositor.  The  stomach  is  furnished  with  a  small  sucking  stomachy 
whidi  commimicates  with  it  by  a  very  slender  tube.  At  the  base  of  the  abdomen  an 
two  air  bladders,  often  of  considerable  size ;  the  position  of  which  is  sometimes  indt* 
eated  by  the  semi-transparent  appearance  of  that  part  of  the  body. 

The  larTB  of  the  Biptera  are  footless  grubs  or  maggots,  sometimes  destitute  of  a. 
distmct  head.  The  stigmata  are  usually  only  two  in  number,  and  placed  at  the  po»> 
tenor  extremity  of  the  body.  In  some  cases  the  larva,  on  reaching  maturity,  castaifli 
skin,  and  changes  to  a  free  qaieseent  pupa ;  whilst  in  many  species  this  trans&imalies 
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Fig.  222.— Antennee  of  Diptera. 
A,  Tipnla ;  B,  Tabanos;  C,  Musoa. 


takes  place  within  the  skin  of  the  larra,  which  then  hardens,  and  forms  a  case  for  the 
protection  of  the  sleeping  inmate.  This  constitutes  what  is  termed  a  coarctate  pupa. 
IHTisions. — The  enormous  number  of  species  included  in  this,  which  is  certainly 
one  of  the'largest,  if  not  the  largest,  of  the  orders  of  insects,  has  given  rise  to  a  cor- 
responding multiplicity  of  families  and  other  minor  groups.  In  the  following  pages  we 
shall  refer,  as  briefly  as  possible,  to  the  principal  of  these. 

The  order  is  divided  into  three  sub-orders.  The  first  consists  of  parasitic  and 
often  wingless  insects,  which  have  the  head  nsually  immersed  in  the  thorax,  and  the 

claws  denticulated.  These  are 
called  iV?»jptfra,  from  the  singular 
circumstance  that  the  larv»  are 
nourished  within  the  bodj  of  the 
mother,  and  not  excluded  until 
they  have  attained  the  pupa  state. 
Of  the  other  two  sub-orders, 
which  are  generally  oviparous, 
although  a  few  bring  forth  living 
larv8B,  one,  the  Brnekycera^  is  dis- 
tinguished by  having  the  antennae 
short,  and  composed,  apparently, 
only  of  three  joints,  with  the 
last  joint  generally  furnished  with  a  bristle  (Fig.  222  C) ;  whilst  in  the  Ifetnoeera, 
forming  the  third  sub-order,  the  antennae  (Fig.  222  A)  are  always  composed 
of  more  than  six  joints,  filiform,  and  usually  feathered.  In  the  Braehycera^ 
the  palpi  also  consist  of  only  one  or  two  joints ;  whilst  in  the  Nemocera,  these 
organs  are  composed  of  four  or  five  articulations. 

SUB-OBDER  I. — ^PirPIPABA. 

C^eneval  Cluuraciexs. — ^In  addition  to  the  characters  already  given,  these  insects 
differ  from  the  other  JDiptera  in  the  structure  of  the  mouth,  which  is  so  singular  that 
the  analogies  of  its  constituent  parts  are  stiU  doubtful.  The  lower  part  of  the  head  is 
covered  by  a  membranous  plate,  perforated  by  a  minute  orifice  in  fronts  where  it  is  also 
furnished  with  a  pair  of  minute  coriaceous  lobes,  which  have  been  regarded  as  modified 
palpi.  Within  this  is  a  fleshy  bent  organ,  terminated  by  a  bristle-like  sucker  composed 
of  three  separate  bristles :  this  can  be  pushed  out  of  the  aperture  in  the  first-mentioned 
plate  by  the  extension  of  their  fleshy  base,  which  is  probably  the  labium,  and  in  this 
manner  they  are  employed  in  piercing  the  skin  of  the  animals  on  which  these  insects 
are  parasitic.  Some  of  them  are  furnished  with  wings,  whilst  others  are  destitute  of 
those  organs.  Their  bodies  and  limbs  are  generally  covered  with  bristles.  The  abdomen 
presents  no  indications  of  segments ;  so  that  in  their  appearance  the  apterous  species 
often  closely  resemble  spiders,  from  which  circumstance  the  French  call  them  *'  mouohes 
araign6es,"  or  spider  flies. 

DiTi8ioiis« — ^They  form  two  families,  the  Sippoboseidaf  or  Forest-flies,  in  which 
the  last  joint  of  the  tarsi  is  longest,  and  the  NyeUribiid^  or  Bat-lice,  in  which  the  basal 
joint  of.  those  organs  is  longer  than  all  the  rest  put  together.  In  their  habits  both 
tiiese  fEonilies  are  very  similar,  living  amongst  the  hairs  and  feathers  of  beasts  and 
birds,  where  they  run  about  with  great  agility,  often  progressing  sideways.    They  live 
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by  sucking  the  blood  of  their  yictlms.  Young  birds  appear  to  be  especially  the  objects 
of  their  attacks,  and  are  frequently  driven  completely  to  distraction  by  their  tormentors. 
The  species  of  JECippoboseideB  live  upon  different  mammals  and  birds ;  the  Hippoboaea 
equina^  or  Forest-fly,  is  very  troublesome  to  horses ;  and  the  Melophagm  ovintu,  which 
is  apterous,  is  well  known  as  the  Sheep-tick.  The  Nj/eteribiida  confine  their  attacks 
to  bats. 

Sub-order  II.— Brachtcera. 

Geneval  Characters.— In  the  BracJtycera  the  antennsB  are  always  short,  com- 
posed apparently  of  only  three  joints,  the  last  joint  being  sometimes  articulated  at  its 
extremity  (Fig.  222  B),  sometimes  entire,  and  generally  furnished  with'a  long,  sometimes 
jointed,  bristle.  The  palpi  consists  of  one  or  two  joints ;  the  body  is  generally  broad^ 
and  the  head  usually  as  wide  as  the  thorax. 

Divisions.- As  this  sub-order  includes  by  far  the  greater  portion  of  the  almost 
innxunerable  hosts  of  Dipterous  insects,  the  number  of  families  and  sub-families  of 
which  it  is  composed  is,  as  might  be  expected,  exceedingly  great.  They  may,  however, 
be  divided  into  seven  principal  groups  (families  or  tribes),  and  to  these  we  must  con- 
fine our  attention. 

In  the  OestridcBy  the  proboscis  is  usually  imperceptible,  or,  when  present, 
very  small ;  the  antennae  are  very  short,  and  the  last  joint  is  furnished  with  a  long 
bristle ;  the  alulets  are  large,  and  entirely  conceal  the  haltereff.  Although  most  of 
these  insects,  from  the  obsolete  nature  of  their  mouths,  are  probably  incapable  of 
taking  nourishment  'when  in  their  perfect  state,  they 
are  nevertheless  to  be  regarded  amongst  the  greatest 
pests  to  cattle  in  their  larva  state.  During  this  period 
of  their  existence  they  are  all  parasitic  upon  different 
species  of  herbivorous  Mammalia^  some  of  them  living 
in  the  skin,  and  others  in  the  internal  cavities  of 
their  liosts.  Of  the  former,  the  best  known  is  the 
Oestrus  bovis,  the  larv89  of  which  reside  in  the  large 
tumours  on  the  backs  of  cattle,  known  to  the  farmer 
under  the  names  of  womils  and  worbles.    Of  the  inter-  Pig.  223. 

nal  parasites,  some  (such  as  the  Cephalemyia  Ovis)  Hve         GasteropMlus  equi,  and  larya. 
in  the  frt)ntal  sinuses  of  sheep  and  deer,  the  parent 

laying  her  eggs  in  the  nostrils,  whence  the  young  larva  creeps  up  into  its  destined 
abode ;  whilst  others,  of  which  the  Gasterophilus  equi  (Fig.  223)  is  an  example,  inhabit 
the  intestines  of  their  victims.  The  eggs  of  the  latter  species  are  laid  upon  the  skin 
of  the  horse  in  such  positions  as  are  easily  reached  with  his  tongue,  so  that  in  licking 
himself  he  is  instrumental  in  conveying  his  foes  into  his  intestines.  The  internal 
larv89  are  furnished  with  rings  of  bristles  to  enable  them  to  retain  their  position ; 
but  they  all  quit  their  abode  when  mature,  and  undergo  their  last  transformations  in 
the  earth,  or  in  dung.    The  pupa  is  inclosed  in  the  dried  larva-skin. 

The  two  next  families  are  distinguished  by  having  only  two  bristles  in  the  proboscis. 
The  Muscidce  are  further  characterised  by  having  the  proboscis  membranous  and  com- 
pletely retractile,  terminated  by  two  large  lobes  (Fig.  224) ;  the  antennae  are  short, 
three-jointed,  with  a  long  and  often  pilose  bristle  attached  to  the  third  joint.  This 
family  includes  an  enormous  number  of  species,  presenting  an  almost  infinite  variety 
of  habit.    An  excellent  example  (the  common  Fly,  Musca  domestica)  occurs  during  the 
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rammer  in  eyten  too  great  abundance  in  onr  liousea ;  jaid  nanr  otiian,  ^hoatt  «fiufly 
tmnmon,  may  1»6  met  inllL  at  all  aesBoni  of  tlie  year.  Im  the  larya  taonditioa^  mme  of 
ifbem,  inducting  the  common  Hy,  liro  in  dimg ;  others,  Buch  ai  &e  -oommooi  Jle^  Fij 
i^Sttnophaga  eamana)  feed  iipim  animal  Bobstanoes.  Some  of  these,  of  whidithe  common 
<A«e8e-liopp6r  {Piopkila  €tuei,  Fig.  225)  is  an  example,  posseea  a  oonsidenible  power  of 
leaping ;  their  springs  being  effected  by  bending  the  body  into  a  hoop,  and  then  suddenly 
straightening  it.  Many  of  these  lary»,  which  feed  upon  animal  substances  in  a  state  of 
deoompositioD,  must  be  included  amongst  our  greatest  benefactors,  as  by  removing,  in  a 
i^ort  space  of  time,  matters  which,  if  left,  would  corrupt  and  fill  tiie  atmxnphere  with 
noxious  yapours,  they  prevent  all  the  ill  effects  which  tiiote  effluvia  are  kntnm  to  pro- 
duce upon  animal  life.  So  rapidly  do  ihej  perform  this  business,  that  LinnnnB  calcu- 
lated that  the  progeny  of  three  Flesh  Flies  would  devour  the  carcase  of  a  hmm  almost 
as  goickly  as  a  lion ;  and  although  there  may  he  a  little  exaggeration  in  tte  statement, 


Fig.  224. 

Fig.  224.-Head  of  Mnsea. 
Fig.  226.— Cheese-lwpper  (Piopbila  eaatiy, 
ft,  4,  Fly,  natunl  sise  and  magnified. 


Fig.  225. 


l,LarfmpnpMtBgtto«piiBv;  a,iialanA^ae<f  Sarra; 


it  Is  perhaps  not  Tery  &r  from  the  truth.  The  larv»  of  «  great  ntmiber  «f  annngrte 
species  are  parasitic  upon  other  insects ;  whilst  those  of  many  others  feed  upon  plsiite, 
often  causing  great  damage  to  vaiious  crops.  Some  of  those  which  infest  the  lewrea  of 
plant?  form  minute  galleries  or  nines  between  the  two  membranes  of  the  leaf  hj^tttaig 
away  the  parenchyma. 

The  larvae  are  soft  footless  grubs,  frequently  destitute  of  any  distindt  iMad,  and 
•generally  of  an  elongated  conical  form,  having  the  mouth,  which  is  famished  with  two 
ivtmctile  hooks,  at  the  smaller  extremity,  and  the  single  pair  of  sti^^mata  at  Uie  laiiger. 
Tltey  are  generally  produced  from  ^gs  laid  by  the  parent  in  the  midst  of  the  sahstluaeos 
isoited  for  their  nouriahmeot^  but  in  some  cases— as,  for  instance,  im.  the  ilesh-fly — 
liM  eggs  are  hatched  within  the  body  of  die  mother,  and  the  inseots  make  dieir  £r8t 
ifpearance  in  the  larva  form.    The  pupa  is  indoeed  within  the  skin  of  the  larva. 

The  habits  of  iiie  perfbct  insects  are  as  difwmilar  as  I3i08e  of  the  larvse.  A  greait 
number  inhabit  flowers ;  otheni  appear  to  feed  upon  almost  every-  description  of  «nio|al 
Siftd  vegetaUe  matter;  whilst  some,  such  as  the  JSiamoxpa,  attack  man,  send  other 
animals,  to  suck  their  blood.  They  are  generally  dingy  in  thmr  appeainnes,  ilthott^ 
some  are  adorned  with  brilliant  colours.  They  e:diibit  a  great  variety  of  fcmu  T^he 
most  remarkable,  perhaps,  is  tiiat  presented  by  the  exotic  genus  JHtqfm^  in  irincii  tbe 
eyes  are  placed  at  the  extremity  of  long  stalks,  with  Uie  gntMnmi  close  beside  tiKon.  - 

The  Conopida  are  distinguished  by  having  the  proboscis  long,  elbowed,  and  aibrays 
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exserted,  with  the  palpi  minute,  and  the  anteniiaB  furnished  with  a  short  bristle,  which 
is  frequently  placed  at  the  apex  of  the  last  joint.  Most  of  these  insects  are  elegantlj 
variegated  in  their  colours  (Fig.  181).  They  may  be  found  in  great  abundance  during 
the  summer,  hoyering  upon  their  powerful  wings  over  flowers  in^gardens  and  elsewhere. 
The  larvae  are  said  to  bo  parasitic  in  the  interior  of  various  species  of  Humble 
Bees. 

In  the  three  following  families,  or  rather  tribes— the  Brachyatoma^  the  Notaeantha, 
and  the  Tanyatoma — the  proboscis  usually  contains  either  three  or'four  bristles.  In  the 
Braehystoma  the  proboscis  is  very  short  and  membranous,  with  the  lip  generally  large, 
fleshy,  and  bilobed.  The  bristles  are  usually  four  in  number ;  one  group  has  only  three 
of  these  organs.  The  antennas  consist  of  three  joints,  of  which  the  last  has  a  long 
bristle  springing  from  its  back.  The  abdomen  of  the  male  is  usually  bent  round  at  the 
apex,  and  furnished  with  copulative  appendages. 

They  are  generally  large  flies,  adorned  with  brilliant  colours,  which  for  the  most 
part  haunt  flowers,  living  upon  honey.  A  few,  however,  axe  predaceous  in  their  habits. 
The  larvae  are  very  various  in  their  forms,  and  differ  greatly  in  their  mode  of  life. 
Many  live  in  the  earth ;  others  in  dung ;  whilst  others  aire  found  upon  plants  amongst 
colonies  of  Aphides^  which  they  destroy  in  great  numbers,  sucking  their  juices  by 
means  of  a  three-pointed  spine. 

The  larv»  of  the  genus  VoluceOa  live  parasitioally  in  the'nests  of  wasps  and  hornets. 
Those  of  the  genus  JSWitefi*,  which  inhabit  dirty  water  and  other  foul  liquids,  are 
ftirmshcd  with  a  singular  telescopic  tail,  which  they  put  to  the  surface  of  the  water. 
«nd  Ihus  breathe,  whilst  all  the  rest  of  their  bodies  is  immersed.  This  group  is  sub- 
divided into  four  subordinate  groups  (families  or  sub-families),— the  Bolichopida,  the 

Syrpkidaj  the  Thierevida,  and  the  LeptidtR, 

In  the  Notaeantha  the  apparent 
last  joint  of  the  antennae  is  composed 

of  several  articulations,  which,  how- 
«Ter,  are  generally  more  or  less  araal- 

gsmated  into  an  elongated  mass,  with 

tbe  bristle,  when  present,  sprmging 

from  its  apex.    The  back  of  the  thorax 

k  generally  spined.    The  proboscis  is 

short,  and  contains  four  bristles.    The 

tarsi  are  famished  with  three  pulviUi. 

These  insects  are  also  frequently  bril- 

Uaotly  oolcmred.     They  generally  fre- 

qaesLt  flowers.      The  larvae  live  in 

Tioicmfl  aituations;    in  the  earth,  in 

lotten  wood,  in  dung,  and  in  water. 

The  latter  is  the  habitation  of  the  larvae  of  th^  typical  genus  Stratiomya  (Fig.  226). 

They  breathe,  like  the  other  aquatic  Dipterous  larvae,  through  the  tail,  which  is 

fundshed  with  a  circle  of  bristles  to  keep  the  water  from  rushing  into  the  stigmata 

when  these  aie  applied  to  the  surface.     The  pupa  is  inclosed  in  the  larva  skin. 

The  Tanyittma  are  goierally  distinguished  by  the  great  comparative  length  of  their 

pdoboBcas,  which  is  often  excessively  long  (Fig.  227),  and  rardy  terminates  in  a  very 

fleshy  lip.    The  Iwistles  are  either  four  or  six  in  number.    The  antennae  consist  of 

three  joints,  usually  terminated  by  a  bristle.    The  transformations  of  these  insects  sere 


Fig.  226. — Larva,  Pnpa,  and  Imago  of  Stratiomys 
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also  different  from  those  of  the  preceding  groups.    The  larra-skin  is  always  cast,  on 
assuming  the  pupa  state.    The  larvse  generally  reside  in  the  earth. 


Fig.  228.— Tabanus  BoTinos. 


Fig.  227. — Nemcstrina  longirostris. 

It  is  in  the  BombpliidcB  that  the  proboscis  attains  its  greatest  dimensions  (see 
Fig.  227);  these  are  generally  hairy,  bee-like  flies,  which  suck  their  nourishment  from 
flowers  whilst  hovering  oyer  them.    In  the  Anthraeida,  the  proboscis  is  short ;  and  in 

the  Aerocerida,  the  organs  of  the  mouth  are 
sometimes  entirely  wanting.  The  JStnpicUe,  the 
HybotidcBj  the  AsilidcBy  and  the  Mydaaida,  are 
all  predaceous  in  their  habits,  as  are  also  the 
Tabanidaj  the  well-known  Gadftiea^  or  Breeze- 
fiieSf  so  troublesome  to  cattle  and  even  to  man, 
which  are  distinguished  from  the  other  Brachy.- 
eera  by  the  possession  of  six  bristles  in  the 
mouth.  In  the  Tabani,  the  last  joint  of  the 
antenns  exhibits  an  articulated  extremity 
(Fig.  228).  They  are  amongst  the  largest 
of  Dipterous  insects;  and  their  rapacity  and  power  of  annoying  their  unfortunate 
victims  are  proportionably  great. 

SUB-OBDER  III.— NbMOCBRA. 

General  Ghavacters. — ^The  Nemoeera  are  distinguished  frt)m  all  the  other  Diptera 
by  the  structure  of  their  antennsd  (Fig.  222  A),  which  are  always  rather  long,  thread-like, 
or  formed  of  bead-like  joints.  The  palpi  are  also  long,  composed  of  at  least  four  or  five 
joints ;  and  both  the  palpi  and  antennae  are  frequently  plumose.  The  body  is  long  and 
slender,  and  the  legs  often  of  extraordinary  length. 

IHTlaions. — Few  of  these  insects  present  anything  yery  attractive  in  their  appear- 
ance. Their  colours  are  almost  always  dingy,  and  their  bodies  soft ;  but,  like  many 
other  creatures  of  the  same  description,  they  force  themselves  upon  our  notice  by  the 
injury  they  do  either  to  our  persons  or  our  property ;  those  of  one  of  the  two  families 
into  which  they  are  divided  being  often  exceedingly  destructive  to  the  vegetable  pro- 
ductions of  our  gardens  and  fields,  whilst  those  of  iJie  other  are  the  most  inveterate 
blood-suckers  that  ever  tormented  man  or  beast. 
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The  Tipttlida  are  in  the  former  case.  They  have  the  proboscis  very  short,  termi- 
nated by  a  pair  of  fleshy  lips,  and  inclosing  only  two  bristles.  The  common  Tipula, 
or  Daddy-long-legs,  are  well-known  examples  of  this  family ;  and  their  larvse,  which 
live  in  moist  ground,  often  do  great  mischief^  attacking  the  roots  of  grass  in  meadows, 
and  sometimes  denuding  whole  fields  of  their  herbage.  The  larvse  of  the  Cecidomyia 
and  their  allies  generally  at-  a  C  B 

tack  the  young  buds  of  trees, 
when  they  produce  a  sort  of 
gall  in  which  they  come  to 
maturity;  whilst  other  spe- 
cies, such  as  the  Ckcidomyia 
Tritiei  and  the  Cecidomyia 
destntctor,  the  dreaded  Hes- 
sian fly  of  the  United  States 

(Fig.  229),   generally  attack    Fig.'229.— A,  the  Henslan  Fly  (Cecidomyia  destructor) ;  B,  the 

the  com  crops.     The  former  Wheat  Fly  (C.  Tritiei)  j  C,  larTaSi  of  C.  Tritiei  feeding  on 

of  these  larv»  feeds  in  the         ^^^^^' 

flower  of  the  wheat,  often  rendering  it  abortive,  whilst  the  other  attacks  the  stem  near 

the  ground,  and  thus  causes  a  still  more 

wholesale  destruction.    The  larvas  of  Chi- 

ronomus  (Fig.  230)  and  its   allies  live    in 

standing  water ;  and  the  insects  themselves 

closely  resemble  Gnats,  both  in  appearance 

and  in  their  habit  of  collecting  in  the  evening 

in  vast  numbers,  and  dancing  up  and  down 

in  the  air.    The  larvaB  of  Chirononius  phtmo' 

8tt8  are  of  a  blood-red  colour,  and  are  well 

known  to  anglers  as  blood-worms.     The 

larv3B  of  a  considerable  number  of  species 

.„     n  ^®  found  in  fungi. 

F*e.  23". — Chironomns  plumosus,  -with  its  larva         aj?^  '      j       ^  -uj-j*        xt. 

and  pupa ;  aU  magnified.  -^  ^ew  species  depart  somewhat  from  the 

generally  peaceful  character  of  the  family, 

and  suck  blood  with  as  much  avidity  as  their  neighbours  the  Gnats.    Amongst  these 


Fig.  231.— Gnat  (Culex  pipiens). 
Female,  natural  size  and  magnified ;  head  of  male ;  and  larra. 

the  species  of  SimuUumy  or  Sand-flies,  must  be  especially  noticed,  as  their  bite  often 

gives  rise  to  intensely  painful  swellings. 
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In  the  family  of  the  Ouiieidm,  or  Gnats,  wluch  iaBoludeg  the  pre-eauBentlf  IkLood- 
thinty  ipedes,  iJie  probosciB  is  especially  suited  for  their  ▼oark  of  toiment  It  is  iifb«L 
hslf  the  length  of  the  insect,  slender,  slighUy  tiiiokened  at  the  tip,  a&d  indoems  six 
long,  sharp  bristles.  The  palpi  are  often  rerf  long  sad  beautifully  ifaathered  in  the 
males ;  but  in  ihe  females  these  organs  are  generally  short. 

These  insects,  their  curious'*dances,  and  the  very  disagreeable  e&cts  «f  their  bite, 
must  be  well-known  to  every  one ;  but  the  Mosquitoes  ^  warm  olimatos,  which  are 
yery  nearly  allied  to  our  indigenous  gnats,  are  still  greater  pests ;  and  the  inhabitants  of 
India  are  compelled  to  protect  themselves  when  asleep,  by  meaas  of  fine  ganse  coxtains, 
from  the  attacks  of  these  bloodthirsty  little  creatures. 

The  larvs  of  the  Gnats  live  in  water,  where  they  swim  about  with  eonsiderable 
agility,  breathing  air  by  placing^the  orifice  of  a  long  caudal  tube  at  1^  sur&ce  of  the 
water. 

Order  X. — Lepidoptera. 

C^enoral  GhftMOten:— la  this  last  and  highest  order  of  the  siiBtonal  insects 
wii2i  a  complete  metamor^osis,  we  meet  with  creatures  which  must  be  ranked  amongst 
the  most  elegant  of  the  denizens  of  the  air.  The  deUcacy  of  the  form  of  many  species, 
the  charming  contrast  of  colour  often  exhibited  in  their  wings,  and  6ie  gem-like  bril- 
liancy of  others,  must  always  render  ti^em  most  attractive  objects ;  and  the  attention  of 
ooUectors  has  always  been  more  directed  to  these  insects  than  to  those  of  any  other  order. 

The  structure  of  the  mouth  is  almost  always  sufficient  to  distinguish  a  Lepidop- 
terons  insect  from  one  belonging  to  any  other  order.  The  suctorial  organ  consists  of  a 
spirally  rolled  trunk  (Fig.  232)  attached  to  the  lower  part  of  the  front  of  the  head,  and 
iflfosing,  when  ooiled  up,  between  the  hairy  labial  palpi.  Tlie  construction  «f  this 
tnmk  has  already  been  described.    (See  p.  333,  Fig.  174).  ~ 


Tig.  232. 
Head  and  trunk  of  Butterfly. 
a,  head ;  b,  base  of  antennes ;  t 
eye ;  d,  trunk ;  e,  labial  palpi. 


Fig.  233. 
Scales  firom  fhe  wings  of  the  Gnat-moth. 


The  wings  are  four  in  number,  membranous,  generally  nearly  flat,  fun&ished  with 
branching  nervures.  They  are  usually  covered  with  minute  scales,  popularly  called 
feathers,  which  are,  in  reality,  only  a  peculiar  form  of  the  hairs  with  which  the  wings 
of  most  insects  are  furnished.  In  the  Lepidoptera  these  are  set  very  close  together, 
usually  more  or  less  flattened,  and  laid  over  one  another  in  the  manner  of  tiles  npon 
the  roof  of  a  house.  Their  form  varies  greatly  in  diferent  species,  and  even  on  dif- 
ferent parts  of  the  wings  of  the  same  species  (Fig.  233).  It  is  entirely  to  these  scales 
tliat  the  beautiful  cdoun  of  the  wings  of  these  inseots  are  due  ;  and  the  metaHie  tiftts 
exhibited  by  many  species  are  owing  to  the  presence  of  very  delioate  stri»  upon  <*^iwalfti. 
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Fig.  M.—fOoA  and  Jaira  of  CaterpfOara. 
A,  from  above.    B,  from  beneath,    a,  eyes;  ft,  antennn.; 
labium ;  d,  mandibles ;  «,  maxillae ;  /,  maxillary  palpi ; 
labium;  A,  labial  palpi;  «,  apinneret. 


The  tibxoacic  segments  ase  nmslgamated  into  a  more  or  less  Ofvato  mass^  genfltallj 
filodied  with  Jitir;  the  proUiortz  is  yeiy  smalL  The  legs  an  generally  well  deTeloped ; 
but  in  some  species  the  anteiior  pair  is  rudimanta.iy.  The  tLbisB  are  4ipuzied,  and  the 
tarsi  usually  composed  of  five  joints. 

The  larvae  of  the  ZepidopUra  are  well  known  as  CaUrpillars,  They  am^^crally 
of «  more  or  less  cylindrical  ibna  (seep.  340,  Fig.  185),  composed  of  thirteen  segments, 
of  which  the  anterior  forms  a  homy  head,  famished  with  jaws  and  antenna^  and 
usually  with  groups  of  simple  eyes. 

^  The  jaws  of  the  CatexpiUox  are  usually  very  strong,  and  well  adapted  for  biting  the 
firm  Tegetable  tissues  upon 
which  most  of  them  feed. 
The  mouth  is  composed  of 
the  same  parts  as  that  of 
masticating  insects.  In 
addition  to  the  usual  pair 
of  palpi,  the  lahiom  hears 
a  slender  tubular  orgaB, 
the  spimteret  (Fig.  234  »), 
which  oommunicates  with 
a  pair  of  large  titemal 
glands,  whose  offioe  it  is  to 
aecrete  the  yiscoiis  substance 
necessary  for  the  formation 
of  the  fiilky  threads,  by 
means  of  which  most  Gaterpillan  seeore  thomselTes.  &tm,  iailingi  and  with  wbioh 
inany  of  them  spin  A  cocoon  in  which  to  paas  their  pupa  state*  ^ 

The  three  segments  foUowi^  the 
head,  which  conespond  with  tibe  tho- 
xacic  segments  of  the  perfect  Inaeot, 
bear  three  painof  soft,  jointedlegB,  ter- 
minated by  a  single  claw  (Fig.  236  a), 
and,  in  addition  to  these,  a  variable 
nnmher  of  the  abdominal  .segments 
are  also  furnished  with  fleshy  feet, 
called  pro-legs  (Fig.  236  b  c),  which 
are  of  great  assistance  to  the  creature 
in  grasping  any  object  upon  which  it  may  be  rostiBg  or  walking. 

The  duration  of  the  larya  state  Ib  very  rariable  in  these  inaeots ;  many  of  €hem 
prodmcing  two  broods  anfiually,  whilst  othocs  occupy  two  or  Haee  years  in  aniTing  at 
thdr  peifeet  conditioB.  In  their  larva  state  they  are  exceedingly  ▼oiaoknia,  •often 
doing  immense  damage  to  yegetation.  Most  of  l^em  aoeoidingly  grow  rapidly,  and 
shed  their  skins  several  times  belbre  attaining  matnrity.  When  ^bia  period  has 
arrived,  the  Gaterpiflar  seeks  some  sheltered  [q>ot  in  which  to  undergo  its  change  to  the 
pupa  fbim.  Some  species  sdeot  the  lower  surface  of  leaves  and  branches  for  this  purpose ; 
others  clefts  and  ^hollows  in  the  bark  of  trees,  waUs,  or  palings;  whilst  othan  bury 
themselves  in  the  earth.  Those  which  remain  in  the  air  always  suspend  themselves  in 
various  ways  by  means  of  their  silky  secretion,  and  tome  inclose  themstdves  completely 
in  a  silky  cocoon.    This  is  also  done  by  some  of  those  which  eonoeal  themseH^s  in  t&e 


Fig.  235.— Leg:  and  Pro-legs  of  Caterpillars. 

a,  thoracic  leg ;  ft,  pro-leg ;  c,  pro-legs  grasping ; 

d,  e,  spiracles  open  uid  elesed. 
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earth ;  but  many  of  these  only  line  their  cayity  with  a  sufficient  quantity  of  silken 
threads  to  keep  its  walls  from  falling  in  upon  them.  The  pupa  is  entirely  inclosed  in 
a  homy  case,  in  which  the  position  of  the  wings  and  limbs  is  indicated  externally  only 
by  lines  and  other  eleyations. 

In  their  preparatory  stages  Hio  Zepidoptera  are  exceedingly  liable  to  be  destroyed  by 

numerous  species  of  parasitic  insects,  which  lay  their  eggs  in  the  larva,  which  then 

continues  to  feed,  and  frequently  even  effects  its  transformation  to  the  pupa  state, 

without  exhibiting  any  indications  of  the  work  of  destruction  which  is  going  on  within ; 

and  these  parasites,  assisted  by  the  insectivorous  birds, 

keep  the  numbers  of  Caterpillars  within  moderate  limits. 

"Without  these  checks,  they  would  soon  destroy  the  fruits 

of  the  labours  of  the'gardener  and  the  husbandman. 

The  perfect  insect,  on  first  emerging  from  the  pupa 

case,  usually  has  the  wings  soft  and  crumpled ;  and  it  is 

not  until  some  little  time  after  it  has  set  itself  fr«e  from  its 

prison  that  its  wings  become  sufficiently  expanded  to  be 

/^^BY^"""  available  for  flight.    Many  Butterflies,  immediately  before 

J  B^B  8  taking  their  first  fiight  into  the  air,  eject  a  red  fluid  frt)m 

'*      IHf    \  ^G  anus,  which,  of  course,  forms  a  red  spot  wherever  it 

▼  falls;   and  this— when,  as  is  sometimes  the  case,  yast 

Fig.  236.— Tortoise-shellButter-  quantities  of  some  species  of  Butterfly  have  simultaneously 

fly  just  emerged  from  the  \^  .      ,  ,,       „^    j.1l  x    -.-  -^     i     j»  x-.-  x    v        • 

chrysalis.  attained  the  perfect  state  iH  a  particular  district— -has  given 

rise  to  the  stories  of  bloody  rain. 

IMTlsions. — ^The  Zepidoptera  are  divided  into  two  great  groups  or  sub-orders,  the 
ffeieroeera,  and  the  Rhopalocera,  In  the  former,  the  antennsB  are  of  variable  form, 
usually  bristle-shaped,  and  frequentiy  plumose,  but  very  rarely  clubbed.  The  hinder 
wings  are  famished  with  a  bristie  on  their  anterior  margin,  which  serves  to  keep  the 
two  wings  of  each  side  Connected  during  flight,  and  the  wings  are  never  carried  erect 
during  repose.  This  group  includes  the  numerous  species  of  Moths.  These  are  the 
Nocturnal  and  Crepuscular  Zepidoptera  (Nbctuma  and  Crepuscularia)  of  many  entomo- 
logists, 80  called  from  most  of  the  species  flying  only  by  night  or  in  the  twilight. 

In  the  Rhopalocera^  or  Butterflies,  the  antennsQ  are  almost  always  terminated  by  a 
club ;  the  wings  are  generally  carried  perfectly  upright  in  repose,  and  the  hinder  pair 
are  not  furnished  witii  bristles.    These  are  the  Diurna  of  some  entomologists. 

SUB-OSDEB  I. — HeTEROCEBA. 

Divisioiui.— The  Heterocera  may  be  divided  into  eight  groups  or  tribes,  most  of 
which  include  several  families.  In  the  first 
of  these,  the  Fterophorina,  or  Plume-moths, 
the  wings  are  divided  into  radiating  finger- 
like segments,  fringed  on  both  sides  with 
numerous  delicate  hairs,  which  give  them 
the  appearance  of  minute  feathers.  The 
antennsQ  are  slender  and  bristie-like,  the 
body  slender,  the  legs  long,  and  furnished 
with  large  spurs  on  the  tibiee.    All.  these 

insects  have  tiie  habit  of  folding  their  wings  Y'lg,  237.— Alucita  hexadactyla. 

like  a  fan  when  at  rest.    In.  some  (Ptero^ 
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phorua)  the  fore  wings  are  but  partially  bifid^  and  the  hind  wings  divided  into  three 
segments ;  whilst  in  others  {Alucita^  Fig.  237)  the  whole  of  the  wings  are  composed  of 
feather-like  pieces.  One  genus  arranged  in  this  tribe  has  the  wings  entire.  They  are 
all  of  comparatively  small  size. 

The  second  tribe,  the  Tineina^  includes  a  multitude  of  minute  insects,  often  of  the 
most  elegant  forms,  and  adorned  with  colours  as  bnlliant  as  those  of  the  largest  species 
of  the  order.  They  are  distinguished  by  their  filiform  or  bristle-shaped^antennae,  which 
are  very  rarely  plumose ;  but  in  many  species  they  attain  a  considerable  length,  and 
are  generally  longer  than  the  body ;  and  by  their  narrow  elongated  wings,  always 
terminated  or  edged  by  a  long  Mnge.  The  palpi  are  usually  of  great  length,  and  often 
of  singular  form. 

The  CaterpUlars  are  provided  with  eight  or  ten  pro-legs,  in  addition  to  the  thoracic 
members.  They  inhabit  the  most  various  situations ;  and  most  of  them  either  shelter 
themselves  within  the  substance  upon  which  they  are  feeding,  or  form  themselves 
little  cases,  which  they  carry  about  with  them.  The  majority  feed  upon  green 
vegetable  matter ;  many  of  these  mine  in  the  leaves  and  stems  of  plants,  whilst  others 
live  upon  the  surface  in  small  cases  neatly  made  of  a  little  piece  of  leaf.  The  most 
destructive  species  are  those  which  live  upon  dry  animal  and  vegetable  matter,  amongst 
which  the  well  known  Clothes-moths,  and  the  Corn-moth  [Tinea  graneUa)y  which 
attacks  com  in  granaries,  are  the  most  noted.  Two  species  of  GalUria  live  in  Bee- 
hives, to  which  they  often  do  great  damage. 

The  insects  oC   the  third  tribe,  the  Tortricina,  are  distinguished  by  their  short 
filiform  antennae,  which  are  rarely  feathered,  and  their  broad  triangular  wings.    The 
maxillary  palpi  are  inconspicuous,  the  labial  palpi  elongated,  and  the  body  shorter  and 
thicker  ^an  in  the  Tineina.    The  head  is  gene- 
rally furnished  with  ocelli. 

The  larvae  possess  sixteen  feet;  they  live 
upon  the  leaves  of  trees  and  plants,  which  they 
generally  roll  up  into  a  sort  of  tube  (Fig.  238). 
Within  this  they  feed  in  security,  and  here  they 
also  imdergo  their  transformations.  From  this 
habit  they  have  obtained  their  common  name  of 
Leaf-rollers,  and  their  scientific  name  {ToririXy 
Tortricina)  has  nearly  the  same  meaning.  When 
they  occur  in  great  numbers  these  insects  are  ^  ix^^^^i^^roXMng  CterpiUar 
often  exceedingly  injurious    in  orchards    and  (Tortrix  viridana). 

plantations. 

In  the  Pyralidina  the  antennse  are  also  rather  short  and  filiform ;  those  of  the 
males  are  sometimes  pectinated.  The  labial  palpi  are  generally  very  long,  and  the 
maxillary  palpi  tolerably  conspicuous.  The  wings  are  elongated  and  triangular,  and 
the  legs»very  long.  The  Caterpillars  are  usually  furnished  with  fourteen  feet,  and 
covered  with  short  hairs ;  they  live  upon  leaves,  and  often,  like  the  insects  of  the 
preceding  groups,  do  much  damage.  The  Pyralis  Vifis  (Fig.  239)  is  very  destructive 
in  wine  countries,  and  other  species  are  frequently  injurious  to  trees  in  orchards.  The 
larva  oi  Fyralis  farinalia  lives  upon  flour  and  meal,  and  that  of  the  Aglo88a  pinguindlia 
upon  butter,  grease,  and  similar  substances. 

In  the  Geomeirina  the  antennae  of  the  females  are.  filiform,  but  those  of  the  males 
usually  plumose ;  they  are  generally  a  little  longer  than  the  thorax.    The  wings  are 
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large  and  broad,  and  the  body  slender.  The  name  of  this  group  is  derived  from  the 
Btmctnre  and  habits  of  the  Caterpillars, 
which  are  popularly  known  under  the  name 
of  loopera.  These  only  possess  four  pro-legs, 
placed  quite  ait  the  hinder  extremity  of  the 
body.  In  progression  the  Caterpillar  holds 
by  its  thoracic  feet,  brings  the  hinder  ex- 
tremity dose  to  these,  bending  the  body  into 
a  loop,  adheres  by  the  pro-legs,  and  then 
again  extends  the  fore  part  of  the  body  for 
a  fresh  step.  In  this  manner  they  proceed, 
appcurently  measuring  the  ground  oyer  which 
they  travel,  whence  they  have  received  the 
name  of  ffeometricians.  Many  of  them  pre- 
sent a  close  resemblance,  in  colour  and  tex- 
ture, to  a  piece  of  dry  twig,  and  they  take 
advantage  of  this  to  deceive  their  enemies, 
adhering  often  for  hours  to  one  spot  by  their 
pro-legs,  with  the  remainder  of  the  body 
stretched  out  in  a  straight  line.  The  Cater- 
pillars of  these  insects  are  also  very  injurious 
to  fruit  trees, — ^that  of  the  Magpie  Moth 
(Fig.  240),  which  inhabits  gooseberry  bushes,  often  strips  them  almost  entirely  of 
their  foliage.  ^ 

^  7 


Fig.  239.— Pyntlis  Yitifl.  4»  male  at  rest; 
4a,  female  flying;  45,  caterpillar;  4c, 
eggs;  4 <« 4 e,  pupa. 


-^^ 


Fig.  240.— Magpie  Motb  (Abraxas  grossolariata}.    Caterj^llar,  pupa,  and  imago. 

The  tribe  of  Nociuina  includes  a  great  number  of  Moths,  of  middling  or  large  size, 
generally  of  dull  colours,  and  strictly  nocturnal  in  their  habits.  The  antennao  are 
generally  bristle-like,  rarely  pectinated  or  even  notched,  generally  a  Httle  longer 
than  the  head  and  thorax ;  the  palpi  are  short  \.  the  wings  large,  the  anterior  pair 
longer  but  narrower  than  the  posterior,  whicb  are  slightly  folded  in  repose.  Tbe 
body  is  rather  thick,  and  the  legs  are  generally  stouL  The  Caterpillara  are 
generally  naked,  and  famished  with  sixteen  feet  ^e  pi^«  are  usually  inclosed  in  a 
loose  coeoom 

A  few  ezeeptioBB  to  the  nsoal  lOBLbre  eokmring  of  the  inaeots  of  thia  tribe  are  to  be 
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met  'With,  principaUy  in  speciefl  which  are  more  dinmal  in  their  hahits  than  the  rest. 
The  CtftoMlm  and  Triphams  are  distinguished  by  the  biight/ed  and  orange  colour  of  their 
posterior  wings,  and  the  PhuAm,  which  often  fly  in  the  bright  daylight,  have  the 
anterior  wings  adorned  with  metallic  tints  and  markings. 

The  BonUtyema  haye  Tery  short  antennse,  generally  plumose  or'pectinated,  especially 
in  the  males.  The  wings  axe  large,  the  posterior  pair  being  broadest,  and  generally 
adorned  with  bright  colours.  The  body  is  thick,  and  rather  short ;  the  legs  are  stout ; 
and  the  spiral  tnmk  is  either  altogether  absent  or  very  short.  This  tribe  includes  some 
of  the  largest  specias  of  the  order ;  and  its  importance  is  greatly  increased  by  the 
cireumstance  that  the  Silkworm  Moth  {Bombya  mort,  Fig>  241)  belongs  to  it.  Of  the 
commercial  importance  of  this  insect  we  may  judge  from  the  fact,  that  in  the  year 
1850  nearly  flye  million  pounds  of  raw  silk  were  imported  into  this  country,  besides  a 


Fig.  241.— Sflkworm,  with  its  Papa  and  Imago  {Bonibyx  mori). 

large  quantity  of  manufactured  silk.  This  important  insect  is  a  native  of  the  north  of 
China ;  and  a  great  portion  of  our  supplies  of  silk  is  still  derived  from  that  country. 
It  was  introduced  into  the  south  of  Europe  in  the  sixth  century  of  the  Christian  era, 
when  some  of  the  eggs  were  brought  to  Constantinople,  whence  the  insects  have 
gradually  spread  into  Italy  and  France — in  both  which  countries  the  cultivation  of  the 
Silkworm  is  an  important  branch  of  industry.  When  the  Silkworm  is  full  grown  it 
quits  its  food,  and  betakes  itself  to  some  convenient  spot,  where,  after  spinning  a  few 
threads  in  various  directions,  it  suspends  itself  in  the  midst  of  them ;  and  by  continually 
twisting  its  body  it  gradually  envelops  itself  in  a  thick  silken  cocoon.  By  spinning  this 
carefully  off,  a  delicate  unbroken  thread*  sometimes  exceeding  1100  feet  in  length,  is 
obtained. 

The  Bofobyx  Cynthia^  the  Arrindy  Silkworm  of  India,'  furnishes  a  silk  which  is  said 
to  possess  astonishing  durability.  The  Caterpillar  feeds  upon  the  Castor-oil  plant  {Ricinw 
commuma)^  and  has  recently^been  introduced  into  the  south  of  Europe,  and  into  the 
Freneh  possessions  in  the  north  of  Africa,  with  every  probability  of  success.  Several 
other  species  of  these  insects  furnish  silk. 
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The  Satumia  Prometheus  (Fig.  242),  a  fine  North  American  species,  nearly  allied  to 
the  preceding,  is  remarkable  for  inclosing  its  cocoon  within  a  leaf  of  the  tree  on  which 

it  habitnally  resides.  Amongst 
British  species,  one  of  the  most  re- 
markable is  the  Oasiropacha  querci- 
folia,  or  Oak-lappet  Moth  (Fig. 
248),  in  which  the  under  wings 
project  on  each  side  of  the  upper 
ones  when  the  insect  is  at  rest, 
giving  it  a  very  singular  aspect,  not 
unlike  a  bunch  of  dead  leaves,  the 
insect  itself  being  of  a  brown  colour. 
Its  mode  of  life,  in  the  larva  state,  is 
not  less  curious.  The  larvae  live  in 
a  large  community  within  a  silken 
nest,  which  they  weave  for  them- 
selves; and  on  leaving  it,  in 
search  of  food,  they  form  a  regular 
procession,  one  taking  the  lead,  fol- 
lowed by  a  certain  number  two 
abreast,  then  three,  and  so  on,  until 
they  sometimes  march  in  ranks  of 


Fig.  242.— Satamia  Prometheus,  "with  its  caterpillar, 
cocoon,  and  pupa. 


Fipr.  243.— Oak-lappet  Moth 
{Cfastropacha  qttercifolia). 


ten  or  more.    Hence  they  are  called  proeessionary  Caterpillars,  and  the  larvse  of 
several  allied  species  have  the  same  singular  habit 

The  Goat  Moth  {Coasus  ligniperda),  which  is  one  of  the  largest  British  Lepidoptera, 
also  belongs  to  this  tribe ;  the  larva  feeds  upon  the  wood  of  willows,  to  which  it 
often  does  immense  injury. 
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The  Psyehidaf  a  family  of  singular  small  Moths,  generally  placed  with  this  group, 
are  remarkable  from  the  circumstance  that  the  larvse  form  portable  cases  for  their 
protection,  similar  to  those  constructed  by  the  Caterpillars  of  many  Tinnna.  In  these 
they  undergo  their  transformations;  and  the  females  of  many  of  the  species,  which  are 
often  footless,  grub-like  creatures,  do  not  leaye  this  case,  but  are  sought  by  the  male 
whilst  still  inclosed.  This  circumstance  has  given  rise  to  an  impression  that  these 
insects  produced  fertile  eggs  without  congress  with  the  male ;  but  this  opinion  proves 
to  be  unfounded  in  most  cases ;  although,  according  to  Siebold's  observations,  some  of 
them  exhibit  phenomena  of  reproduction  exactly  analogous  to  those  presented  by  the 
viviparous  Aphides  (see  p.  348). 

In  the  Sphinginay  the  last  tribe  of  Heterocerous  Zepidopiera,  the  antennse  are  thick- 
ened in  the  middle  or  towards  the  end,  but  terminate  in  an  acute  point.  They  are 
generally  prismatic  in  their  form,  and  frequently  pectinated  or  toothed  internally. 
The  wings  are  generally  long  and  narrow,  but  firm,  and  adapted  for  powerful  flight ; 
and  the  trunk  is  almost  always  well  developed ;  sometimes  longer  than  the  body.  The 
name  of  Sphinx,  applied  to  the  typical  genus  of  these  insects,  is  derived  from  the  habit  of 
the  larvae  of  sitting  with  the  head  and  fore  part  of  the  body  raised  in  an  attitude  which, 
to  a  fanciful  imagination,  bears  some  resemblance  to  the  Sphinx  of  the  ancients. 
Most  of  these  insects  fly  in  the  twilight ;  but  some  are  to  be  found  hovering  over 
flowers  in  the  brightest  simshine,  extracting  the  nectar  by  means  of  their  long  trunks. 
They  are  generally  insedts  of  considerable  size,  and  the  appearance  of  the  larger  species 
is  well  shown  in  the  annexed  figure  (Fig.  244)  of  the  Elephant-Hawk-Moth,  DeiUphila 
Elpenor,  Perhaps  the  most  remarkable  species  of  this  tribe  is  the  Death's-head  Moth 
(Aeherontia  Atropos),  a  large  species,  variegated  with  dark  brown  and  yellow,  and 
which  bears  upon  the  back  of  the  thorax  a  deep  orange  mark,  presenting  no  inconsi- 
derable resemblance  to  the  front  of  a  human  skull.  Hence  this  insect,  whenever 
it  has  occurred  in  sufficient  plenty  to  attract  general  attention,  has  always  been 
regarded  as  ominous  of 
pestilence, — a  feeling, 
probably,  not  dimin- 
ished by  its  power  of 
emitting  a  plaintive 
squeak  when  disturbed. 
The  larva  is  very  par- 
tial to  the  potato  plant, 
and  the  pupae  are  often 
turned  up  in  digging 
potato  grounds.  The 
moth,  which  has  a  very 
short  trunk,  is  a  great 
enemy  to  bees,  invading 
their  hive,  eni  feeding  ^^S-  244.— Elephant  Hawk-Moth  {Deilephila  Elpenor), 

upon  their  honey.      It 

is  supposed  to  frighten  the  bees  by  the  squeaking  noise  above  referred  to ;  for  though 

it  possesses  no  weapons,  and  the  bees  are  well  armed,  they  never  appear  to  attack  the 

intruder. 

A  considerable  group  of  small  insects,  belonging  to  this  ti'ibe,  have  transparent 
membranous  wings,  only  partially  clothed  with  scales ;  amongst  these  one,  the  Sena 

ORGANIC  NATURE.— No.  XXV.  2o      .-.^.^.^ 
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Fig.  245.— Panais  plexippa. 


tiptUiformit^  is  yery  common  in  gaxdens,  wheie  iits  oaieipiUars  feed  in  the  isteiior  of 
the  twigs  of  1^6  cnirant  and  gootebcny  boslies.  The  tvfnsition  to  the  Rhopaloteita  is 
effected  thros^  the  Ctuinudm  and  UrtmidtOiy  two  gvoups  of  bu;tteriy-like  insects,  of 
which  the  latter,  at  aH  events,  has  frequently  heen  placed  in  the  following  snh^order. 

SUB-OKEB  II. — ^RhOPAXOCERA. 

This  8ub-(H:der,  including  the  numerous  beautiful  species  of  Butterflies,  which  pro- 
bably, as  a  group,  may  bo  regarded  as  the  most  charming  of  insects,  forms  only  a  single 

tribe,  which,  however,  is  divided  ^into  numerous 
families  and  sub-families.  They  are  all  diurnal 
in  their  habits,  fluttering  about  from  flower  to 
flower  in  the  hottest  sunshine,  and  nearly  all  of 
them  carry  their  wings  upright  over  their  backs 
in  repose  (Fig.  245).  It  is  in  hot  climates  that 
the  largest  and  most  magniflcent  species  abound. 
Under  the  burning  rays  of  the  tropical  sun 
numerous  bnlliantly  metallic  species  sport  like 
Hving  gems;  and  even  those  not  adorned  with 
metallic  tints  eshibit  an  degance  and  variety  of 
colouring  which  is  perhaps  not  surpassed  by  any 
other  productions  of  nature. 

Beautiful  as  these  creatures  are,  however,  their 
structure  and  habits  e^diibit  so  Uttle  diversity  that 
we  may  pass  them  over  with  but  a  few  words.  The 
caterpillars,  which  feed  upon  the  leaves  of  various  plants,  are  almost  always  furnished 
with  sixteen  feet.  They  are  as  voracious  as  the  larvae  of  the  Moths;  some  of 
them,  such  as  those  of  the  Cabbage  Butterflies  {Pontia  braaaicm  and  ItaptB)^  often  doing 
great  injury  in  gardens.    The 

Caterpillars  of  the  family  JPa-  ^tS^^^  \ 
pilumid{Bf  of  which  the  only  .^^tF^^f^^  \ 
British  species  has  already 
been  figured,  with  its  trans- 
formations (Fig.  185),  are  fur- 
nished with  a  curious  forked 
retractile  process  on  the  back 
of  the  neck,  which  has  been 
supposed  to  be  employed  in 
frightening  away  insect  foes. 
The  pupsB,  ordinarily  known 
as  ChrpsaiideSf  are  usually 
more  or  less  angular;  theso 
angles  often  becoming  so  pro- 
minent as  to  take  the  form  of 
spines.  Unlike  t&e  pnpss  of  many  Moths,  they  are  not  inclosed  within  a  cocoon,  but 
either  simply  suspended  by  the  taU,  or  famished  with  the  additional  security  of  a  little 
silken  band  round  the  middle.  One  of  the  most  beautiful  of  our  native  species  is  the 
Peacock  Butterfly  (  FaneBsa  lo,  Fig.  246),  the  wings  of  which  are  adorned  with  splendid 
eye-like  spots.    Its  Caterpillar  feeds  upon  nettles.     Several  other  charming  Britisli 


Fig.  246.- Peacock  Butterly  (Vanessa  lo). 
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epemat  beLoog  to  the  wme  genus  with  the  Peacocdc  Butterfly.  Of  tkese  ihe  oommonest 
are  the  ObrtoifleeheU  (F.  Urtiea),  and  the  Ked  Admiral  (F.  ^ta&rnto) ;  the  OaAei|nllan 
of  bdiL  Seed  on  Ihe  netHe.  The  Paintedrlady  Butterfly  (O^Ma  (krtbtt)  is  another 
beautiAil  ffpeeies^  which  is  ako  common  everywhere. 

The  Coppers  (Paly&mmaiijy 
and  &e  Blues  (Lyetana),  with 
their  hiiUiant  melallio  tints, 
are  abo  yeiy  chacmingy  al- 
&ough  tiieir  size  in  much 
smallerthan  that  of  Ihe  insects 
ahove  referred  to.  The  species 
of  thegenns  jtrffftmii,  of whiph 
one  of  the  commonest  is  here 
Tepresented  (Fig.  ^1),  are 
elegantly  marked  with  ailTary 
spots  on  the  low«r  siurflaoe  of 
the  wings. 


Fig.  247.— Argynnis  Paphia. 


Oenezal  Chazacten- — The  order  SffmenopUra,  the  fljcst  of  the  mandibulate 
metahdous  insects,  includes  a  Tast  number  ci  spedes,  amouQtiog)  according  to  the 
oalculatioim  of  Kirby  and  Spenoe,  to  about  one-fourth  <^  the  egt^iSiai  insect  wodd ;  and 
some  of  these  certainly  exhibit  the  highest  development  of  instinct,  or  perhaps  the 
nearest  approach  to  reason,  that  we  meet  with  amongst  invertebrate  animals. 

These  insects  are  generally  distinguishable  at  the  first  glaaee,  by  the  structure  of 
their  wings,  which  are  almost  always  present,  and  four  in  number,  of  a  membranous 
texture,  and  traversed  by  a  few  nervures,  which  by  their  unipn  tona  regular  cells.  The 
form  and  arrangement  of  these  cells  in  some  groups,  afford  the  most  important  generic 
characters ;  and  entomologists  have  distinguished  them  by  particular  names.  A  few 
species  are  destitute  of  wings,  and  in  others  the  wings  present  no  nervures.  The  hinder 
pair  is  always  smaller  than  the  anteri<»r,  and  the  connection  between  the  two  wings 
during  flight  is  usually  maintained  by  means  of  a  series  of  minute  hooks  placed  on  the 
anterior  margin  of  ^  hinder  wing. 

The  mouth  is  always  furnished  with  a  pair  of  strong  manddUes,  and  in  most  cases 
with  TififtTri11<«  and  other  organs  of  the  usual  l<»m ;  but  in  many  species  the  maxillss  and 
labium  are  converted  into  a  suctorial  organ,  the  ocnstruetion  of  which  has  already  been 
described  (p.  3»3,  Figs.  172,  173).  The  eyes  ase  generally  large,  and  placed  on  the 
aides  of  the  head,  of  which,  in  the  males,  they  sometimes  oceupy  nearly  the  whole 
surfkce  (Fig.  168) ;  the  oeeUi  are  usually  three  in  number.  The  whole  body  is  inclosed 
in  a  scaly  armour ;  its  three  great  divisions,  are  usually  very  distinct,  but  the  thoracic 
segments  are  more  or  less  fused  into  a  mass,  the  prothorax  being  generally  distinct. 
The  legs  are  generally  long,  and  the  tarsi  composed  of  five  joints. 

The  HymenopUra  are  also  distinguished  from  the  other  insects  with  membranous 
wings,  by  the  presence  of  an  ovipositor  of  peculiar  construction  at  the  extrradty  of  the 
abdomen  in  the  females,  which  not  only  serves  for  placing  the  eggs  in  the  required 
position,  but  also  in  many  species  (Bees,  Wasps,  &c.)  '■  constitutes  a  most  formidable 
offensive  weapon.  As  the  structure  of  this  organ,  which  is  rarely  absent,  is  essentially 
the  same  throughout  the  order,  the  form  of  its  component  parts  being  merely  modified 


Digitized  by  ^OOQIC 


388 


THE  HTMEKOPTEBA* 


to  Buit  the  exigenoeB  of  the  diffBrent  inseotB,  a  short  description  of  its  genenl  con* 
struction  will  not  be  out  of  .place  here.  The  oripositor,  or  sting,  genersUy  consists  of 
five  pieces ;  a  pair  of  homy  valves  (Fig.  248,  1  2),  which  form  a  sheath  for  the  true 

sting  or  ovipositor ;  these  are 
i        ,  ^  jointed  at  the  point  where 

thej  issne  from  the  cavitj  of 
the  last  abdominal  8eg;ment, 
and  the  last  joint  is  usually 
as  long  as  the  sting  itself. 
The  latter  oonsLsts  of  three 
bristlesy  of  which  the  superior 
(Fig.  248,  4)  is  chsnnelled 
along  its  lower  snrfiice,  for 
the  reception  of  apaii  of  finer 
bidstles  (Fig.  248,  3  and  5), 
which  are  toothed  at  the  tip.  These  three  pieces,  when  fitted  together,  form  a  narrow 
tube  through  which  the  egg  passes  to  its  destination;  and  through  this  also  the  poi- 
sonous fluid,  which  renders  the  sting  of  the  Bee  so  painfid,  is  injected  into  the  wound. 
In  the  Saw-flies,  as  we  shall  see,  one  of  these  parts  is  rudimentary ;  but  in  other 
respects  the  organ  remains  the  same. 

The  larvae  of  most  of  the  SymmopUra  are  footless  grabs  (Fig.  249),  usually  for- 
nishcd  witii  a  soft  head,  exhibiting  but  little,  if  any,  advance  upon  the  maggots  of  the 


Fig.  248.— Sting<if  the  Bee.    1  2,  External  valres ;  3,  bristles ; 
4,  sheatb ;  6,  bristle  more  magnified. 


Fi?.  249.--LarT8B  of  Bee,  nat.  size  and  magnified.  Fig.  250.— Papa  of  Bee,  magnified. 

Dipier'*,  The  pupes  are  quiescent  (Fig.  250),  completely  enveloped  in  a  delicate  skin, 
each  limb  being  inclosed  separately.  In  the  Saw-flies,  however,  the  larva,  instead  of 
being,  as  above  described,  a  mere  footless  maggot,  presents  the  closest  resemblance  to 
the  caterpillars  of  the  lepidopieray  being  provided  with  a  distinct  homy  head,  and  not 
only  with  six  thoracic  legs,  but  also,  in  most  cases,  with  from  twelve  to  sixteen  pro-legs, 
situated  upon  the  abdominal  segments. 

DiTiaionSi^—As  the  differences  just  referred  to  in  the  larvae  of  these  insects  are 
accompanied  by  an  equal  diversity  in  the  structure  wid  mode  of  life  of  the  perfect 
insects,  we  thus  obtain  an  excell^it  means  of  dividing  the  Eymenoptera  into  two  sub- 
orders; those  with  caterpiUar-like  larvae  having  been  regarded  by  McLeay  as 
diverging  so  gieatly  from  the  rest  of  the  Eymen»ptera^  as  to  warrant  their  complete 
separation.  In  these^  forming  the  sub-order  Seeurifera,  the  abdomen  is  attached  to  the 
thorax  by  its  whole  breadth;  whilst  in  the  other  sub-order,  the Petiolaia, ii  is  sup- 
ported on  a  alender  footstalk  of  greater  or  less  length.* 

*  The  Hftnenoptera  bave  generally  been  divided  into  two  great  seetioiui,  the  Tenhrantia  and 
Ja.h/itfiy  in  one  of  which  the  ovipositor  is  employed  solely  in  the  operation  of  egg-laying,  whilst  u» 
t  u»  tithf-r  it  is  converted  into  a  nt  ng  by  its  connection  with  a  poison-gland.  By  this  arrangement. 
h  kwfver,  insecU  with  a  very  different  metamorphosis,  and  exhibiting  a  great  diversity  of  general 
stiuctiin',  are  brought  together ;  and  we  have  preferred  adopting  the  arrangement  given  above,  vbisfl 
uppeiirn  to  be  more  natural. 
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Fig.  251.— A,  extremity  of  the  abdomen  of  the  Saw- 
fly,  showing  the  two  saws,  o,  extended;  a,  tho  termi- 
nal joint  of  the  abdomen;  and  d,  the  two  internal 
horny  »heaths.  B,  a  small  portion  of  one  of  the  saws 
very  highly  magnified. 


SUB-0BDB&  I. — SsCUBIFBaA.. 

'  Tlie  Seeurifonnu  Symenoptera,  of  which  the  perfect  insects  may  always  be  dis- 
tinguiahed  by  their  sessile  abdomen,  are  vegetable  feeders  in  all  stages  of  their  existence. 
They  form  two  tribes,  of  which  one,  the  PAy^opAa^a,  always  fSeed  upon  the  leaves  or 
ojther  soft  parts  of  plants ;  whilst  the  Xykphaga  burrow  in  the  woody  portions,  and 
there  find  their  nourishment. 

The  PhyUophaga  are  distinguished  by  the  peculiar  constniction  of  the  ovipositor, 
which  has  procured  them  the  name  of  Saw-Jliesy  by  which  they  are  pc^ularly  known. 
This  organ.  (Pig.  251),  is  composed 
<^  a  pair  of  broad,  serrated  plates, 
the  analogues  of  the  inferior  bristles 
(^  the  Bee's  sting  (see  Fig.  248).  The 
superior  channelled  bristle  is  con-* 
sidered  by  Burmeister  to  be  reduced 
to  the  form  of  a  tubercle,  which  keeps 
the  bases  of  the  saws  separate,  whilst, 
according  to  Westwood,  this  bristle  is 
divided  into  two  parts, .  represented 
by  the  dorsal  portion  of  the  serrated 
plates.  This  saw-hke  organ  is  pro- 
tected on  each  side  by  a  jointed 
homy  plate,  and  the  whole  is  gene* 
rally  received  within  the  lower  sur- 
face of  the  last  abdominal  segment. 
By  the  agency  of  these  curious  and  elegant  organs,  the  female  Saw-fly  cuts  numerous 
minute  slits  in  the  stems  or  leaves  of  plants,  in  each  of  which  she  lays  an  egg,  accom- 
panied by  a  drop  of  fluid,  which  is  supposed  to  have  some  influence  in  preventing  the 
closing  of  the  wound,  and  in  some  cases  the  irritation  thus  set  up  causes  the  formation 
of  a  gall,  within  which  the  larvae  live  and  feed.  As  a  general  rule,  however,  the  laivsB, 
when  hatched,  leave  their  shelter  and  feed  upon  the  leaves  of  plants.  The  species  are 
generally  confined  to  certain  kinds  of  plants,  to  which,  when  they  are  produced  in 
great  numbers,  they  often  do  immense  mischief.  Thus  the  larvsB  o  f  the  Athalia  ceuti- 
folia,  known  to  farmers  as  the  Nigger  or  Black  Caterpillar^  has.  occasionally  done  in- 
credible damage  to  turnips  in  this  country ;  and  that  of  another  species,  the  Keiuattie 
Gro88t4laria,  is  not  less  destructive  to  gooseberry  bushes.  The  larvse  of  other  species 
infest  fruits,  living  and  feeding  in  the  interior,  and  causing  them  to  fall  off  wtiilst  still 
immature.  They  are  almost  always  famished  with  pro-legs  in  addition  to  the  thoracic 
members. 

Before  changing  to  the  pupa  state,  these  larve  usually  spin  a  cocoon,  some  of  them 
remaining  attached  to  the  twigs  of  the  plants  infested  by  them,  others  burrowing  down 
into  the  pith,  and  others  a^ain  seeking  security  in  the  earth.  The  perfect  insects 
generally  make  their  appearance  in  the  spring  or  early  summer,  passing  the  winter  in 
the  pupa  state.  In  the  perfect  state  they  frequent  flowers  ;  and  although  generally  of 
small  size,  and  rarely  adorned  with  very  brilliant  colours,  most  of  them  ai'e  elegant 
insects. 

In  the  second  tribe,  the  Xylophaga,  the  ovipositor  differs  in  its  structure  from  that 
of  the  Saw-flies,  and  approaches  that  of  the  following  sub-order.    It  projects  from  the 
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tig,  252.— Sirex  Oigas. 


abdomen,  whence  the  name  of  Tailed  Wasps,  popularly  applied  to  the  commonest 
species  in  this  country  (Fig.  252),  is  derived.  The  second  joint  of  the  lateral  plates  is 
also  prolonged,  forming  a  shettth^  tnthin  which  three  brisfies  are  concealed,  l^e  upper 

one  being  the  largest,  imd  channsUed 
beneaih  ftv  the  reception  of  the  two 
lower  bristles.  These  three  bristles, 
forming  the  true  oyipositor  or  borers 
are  all  setnlted  at  tiie  e&tremity. 

The  larys,  ^hioh  only  possess 
six  small  thoreuDic  legs,  live  in  the 
trunks  of  trees,  ebpeoiany  firs,  bur^ 
rowing  through  the  i^ood  in  yaiious 
directions,  and  often  oousihg  ezteai«- 
sive  damage.  It  has  beeii  siqyposed 
that  these  ibsMts  were  patasifilG 
upon  the  krv»  of  other  irood-boring 
insects ;  but  tius  opmion  af^ears  to 
haro  arisen  entirely  from  eirois  of 
observation.  They  are  rare  in  this 
country ;  but  i^n  the  continent  of 
Europe,  where  pine  forests  are  more  abundant,  they  often  make  their  i^pearanoe  in 
immense  numbers,  and  commit  very  serious  depredations  upon  the  timber.  Specimemi 
of  Sirex  gigas  (Fig.  262)  are  occasionally  taken  in  the  ndghbouriiood  of  London ;  bat 
these  have,  in  all  probability,  been  imported  in  the  pupa  statis  in  timber. 

SUB-OEDBR  II. — ^PbTIOLATA. 

The  Petioltttaj  distinguished  by  the  maggot^like  iorm.  of  their  larvra,  and  by  the 
union  of  the  abdomen  with  the  thorax  by  the  interventioa  <tf  a  slender  footstalk,  form, 
two  principal  groups,  the  Terebrantid  and  the  Andeata,  In  the  iotwM  the  ovipositor, 
although  similar  in  consthiction  to  that  of  the  Aculeata^  appears  to  be  exclusively 
intended  for  the  business  of  ovipositioti.  Some  spedes,  indeed,  will  apply  this  organ  to 
the  purpose  of  self-defence  when  captured ;  but  even  if  they  puncture  the  skin,  they 
rarely  leave  that  lasting  pain  Irhich  is  do  disagreeable  an  accompaniment  of  the  stiags 
of  the  true  Aeuleata.    By  far  the  grefttet  nu&Lber  <^  the  T&tebratUia  are  parasitic  upon 

other  insects;  but  one  tribe,  that  of 
the  Gailioolay  consists  almost  entirely 
of  vegetable-feeding  insects.  These 
are  generally  of  minute  size,  with 
straight  antennse,  composed  of  from 
thirte^i  to  fifteen  joints;  the  wings 
exhibit  only  a  few  nervures,  and  the 
palpi  are  short.  Their  most  striking 
character  consists  in  the  structure  of 
the  ovipositor,  which  is  bent  into  the 
form  of  an  S  within  the  abdomen,  its 
extremity  passing  up  through  a  chan- 
nel formed  by  the  ventral  plate  of  the  last  abdominal  segment.  Its  construction 
otherwise  departs  in  no  respects  from  the  g^ieral  character  of  the  order.    By  means  of 


Fig.  253.— Galls  of  Oak-leaf,  and  Iiweot 
[Ognips  Quercus^foitii). 
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Fig.  254.— The  Commercial  Gall,  and  its  Insect 
{Cynips  Oalloe  HncierUe). 


tiiifl  oTipodtor,  wliich  can  be  ezserted  or  retracted  at  pleasure,  the  femalefl  pimcyture 

the  leaves,  hads,  and  other  parts  of  plants  and  trees,  depositiiig  ian  egg  in.  the  wound, 

aocoBipaiiied  probably  by  some  imtoting  fluid,  which  causes  a  diseased  grow^  in  the 

part,  and  l^us  prodaoes  the  ezoresoeBces  known  as  ^etll§.    Within  this  domicile  the  larya 

liyes,  feeds,  and  attains  its  nuuturity*    Here  it  also  undergoes  its  transformations ;  and 

it  is  not  until  its  airiyal  at  the  per&et  state  that  it  eats  its  way  out,  and  becomes  a  &ee 

daiieenofthe  air. 

The  Ibcms  of  the  gaHs  rary  exoessiydy  aoeording  to  the  pleudt  on  whidi  they  are 

foimd,  and  the  species  of  Gall-fly  by  whose  pimcture  they  are  caused.    The  oak  is 

especially  subject  to  the  attacks  of  these  insects    The  leaves  are  ofibeo  covered  with 

small  rc«nd  galls,  produced  by  Cynij^ 

Qudreu^falii  (Fig.  253),  and  several 

other  species  attack  those  organs; 

whilitt  the  w^-known  oak*ap|des 

are  prodnoed  by  a  tspedoB  {Cf/n^f 

terminaHs)  wihioh  deposits  its  eiggs 

in  the   extremities   of  the  shoots. 

Otiier  species  of  oaks  are  equally 

infested  by  these  oreaturei,  one  of 

which  produces  the  well-known  and 

important  galls  of  commerce  (Fig. 

2S4).    The  Bead  Sea  apples,  wbldki  have  bean  the  subjects  of  such  frequent  controversy, 

are  ako  galls,  produced  by  the  puncture  of  a  small  insect  described  by  Mr.  Westwood 

under  the  name  of  Cynips  insana.    The  i^pangles  of  the  oak-leaves  are  also  produced  in 

this  manner. 

^ese  excrescences  usually  contain  only  &  single  larva ;  but  in  some  cases  a  large 

family  of  grubs  are  ccncealed  in  a  sing^  gall.    A  few  species  are  parasitic  in  their 

hidbdcts. 

The  second  tribe  includes  an  immense  assemblage  of  inseots-Hiome  of  considerable, 
others  oi  minute  size— which,  from  their  constant 
habit  of  passing  their  larva  state  as  parasites  upon 
other  insects,  have  received  the  name  of  Snto- 
mcphaga.  They  are  distinguished  from  the  GaUi- 
eoUt  by  having  the  ovipositor  of  the  usual  con- 
struction, straight,  and  inserted  at  the  apex  of  the 
abdomen.  It  is  sometimes  concealed,  sometimes 
more  or  less  asserted,  and  in  the  latter  case  often 
attains  a  great  length  (Fig.  255).  When  exserted, 
the  ovipositor  appears  to  consist  of  three  bristles ; 
of  these  the  outer  pair  are  the  terminations  of  the 
sheathes,  and  the  middle  one  is  composed  of  three 
bristles,  forming  a  minute  tube  for  the  passage  of 
(\\  the  egg. 

Insects  of  every  order,,  and  in  every  stage  of 
their  existence,  are  subject  to  the  attacks  of  these 

parasites,  which  are  well  known  under  the  name  of  Ichneumons  and  Cuckoo-flies. 

They  iniapoduce  their  eggs  into  the  bodies  of  their  vidimus  by  piercing  them  with 

their  ovipoidtor.    Minute  mze  is  no  protection ;  for  many  species  lay  their  eggs  in 


Rg.  255.— Fomus. 
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Aphidetf  Ooeoi,  and  the  lanrsB  of  other  small  inaectB.  The  Ichneiunona,  with  long  ori- 
positoxii,  seek  the  binvowa  of  wood-horing  inaeeta,  vhoee  larvaB  they  aie  enabled  to 
reach  by  means  of  this  organ.  £ach  species  usually  infests  a  particular  species  of 
insect ;  and,  singular  as  it  may  api>ear,  many  of  these  parasitic  larriB  are  again  preyed 
upon  by  others,  whose  parents  are  directed  by  an  unerring  instmot  to  the  selection  of 
the  proper  position  for  the  nourishmcoit  of  their  ofispiing. 

Many  of  them,  and  especially  the  larger  species,  only  lay  a  single  egg  in  their 
victim ;  but  the  larvaB  of  many  of  the  smaller  species  exist  in  fiimilies  of  a  hundred,  or 
even  more,  in  the  bodies  of  caterpillars  and  other  insects.  The  insect  infested  often 
acquires  the  pupa  form  before  any  signs  of  his  internal  enemies  are  perceptible ;  and 
many  a  collector  of  Zepidoptera  has  been  grieyonsly.  annoyed/ when  his  cazeftiUy- 
preserved  chrysalides  hare  produced,  as  Madame  Merian  expresses  it,  notiiing  but  these 
"  little  rascally  flies."  In  other  cases,  generally  when  a  number  of  these  parasitic 
larysB  have  made  a  commion  prey  of  some  unfortunate  insect,  the  parasites  break  out 
before  undergoing'  their  transformation,  which  then  takes  place  in  the  interior  of  a 
little  cocoon,  which  each  of  them  weaves  for  itself.  This  may  often  be  observed  in  the 
caterpillars  of  the  common  Cabbage-butterflies. 

This  vast  tribe  is  divided  into  four  great  families.  In  the  EvanHda  the  abdomen  is 
attached  to  the  upper  surface  of  the  metathoraz  (Fig.  255),  and  the  antennee  are 
straight ;  the  Ichfieumonida  also  have  straight  antennsB ;  but  the  abdomen  is  attached  to 
the  extremity  of  the  metathorax.  In  the  Chaieidida  and  Proetotrttpida,  which  are 
generally  minute  insects,  the  antennas  are  elbowed,  and  the  wings  are  nearly  veinless  ; 
but  in  the  former  the  palpi  are  short  and  the  pupa  is  naked,  whilst  in  the  latter  the 
palpi  are  long,  and  the  pupa  inclosed  in  a  cocoon. 

In  the  preceding  insects  the  abdomen  is  composed  of  six  or  seven  distinct  segments ; 
l)ut  in  the  lUbulffera,  forming  the  third  tribe,  it  appears  to  consist  only  of  three  or 
four,  or  at  most  five  segments ;  the- remainder  being  converted  into  a  tubular  telescopic 
organ,  at  the  extremity  of  which  a  minute  sting  or  ovipositor  is  situated.  The  antenna 
of  these  insects,  which  oppear  to  constitute  a  transition  from  the  Terebrant  to  the 
Aculeate  sections,  are  composed  of  thirteen  joints  in  both  sexes,  the  basal  joint  being 
elongated,  and  the  antenne  bent  or  elbowed  at  its  extremity. 

These  insects— of  which  one  species  {Chryatt  iffnita)  is  well  known  in  this  country 
under  the  name  of  the  i?f<^-/at7— generally  exhibit  a  gem-like  brilliancy  of  colour ; 
the  thorax  being  usually  of  a  fine  metallic  blue  or  green,  and  the  abdomen  of  a  most 
splendid  raby  colour.  They  are  generally  of  small  size ;  and  may  be  seen,  in  the 
hottest  sunshine  of  summer,  running  about  upon  walls,  palings,  and  sand-banks,  in 
search  of  the  nests  of  "Ctrild  bees  and  other  Hymenopterous  insects,  upon  which  their 
larvae  are  parasitic.  As  Mr.  Westwood  observes,  they  deserve  the  name  of  Cuekoo^ies 
more  than  any  other  parasitic  insects,  as  it  appear^  that  in  most  cases  their  larvee  feed 
rather  upon  the  store  of  food  lidd  up  for  the  nourishment  of  their  host  than  upon  the 
host  itself ;  although  they  doubtless  finish  by  devouring  the  rightful  inhabitant  of  their 
usurped  domicile.  The  lower  surface  of  the  abdomen  is  hollowed  out,  so  that  when  in 
danger  they  can  roll  themselves  up  into  a  ball,  and  thus,  to  a  certain  extent,  defy  their 
enemies.  This  habit  is  also  exhibited  by  many  species  of  bees.  When  lying  in  this 
condition,  in  dread  of  an  attack  from  the  bees  whose  cells  they  have  invaded,  the  latter 
have  been  known  to  cut  olf  the  wings  of  the  marauder,  and  then  throw  him  ftom  their 
nest  to  the  ground,  trusting  that  in  this  maimed  condition  he  could  do  no  further 
mischief;  but  so  pertinacious  is  the  Chryna  in  its  attacks,  that,  finding  itself  incapable 
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of  flight,  it  has  been  seen,  to  crawl  up  again  to  the  bees'  neat,  and  deposit  its 

egg. 

We  now  pass  to  the  Aculeate  series  of  Symenoptera,  in  which  the  oripositor  not 
only  serres  for  the  extrusion  of  the  egg,  but  also  conveys  a  poisonous  and  apparently 
acid  fluid  into  the  wounds  which  it  inflicts.  The  antennsB  in  these  insects  are  almost 
always  composed  of  twelve  joints  in  the  females,  and  of  thirteen  in  the  males ;  the  four 
wings  are  veined,  and  the  veins  of  tho  anterior  pair  are  always  arranged  so  as  to  form 
distinct  and  regular  cells,  the  number  and  form  of  which  have  been  found  to  famish 
valuable  characters  for  the  generic  groups.  The  abdomen  in  the  males  consists  of 
seven  joints,  and  of  six  in  the  females. 

We  divide  the  Aculeate  ffptnenopUra  into  four  tribes,  of  which  three  are  predaceous 
in  their  habits,  living  principally  or  entirely  upon  animal  matter,  whilst  the  fourth 
seeks  its  nourishment  entirely  in  the  secretions  of  flowers. 

The  flrst  tribe,  the  Etttrogyna^  including  the  true  Ants,  is  composed  entirely  of 
insects,  which  live  in  communities,  composed  of  three  distinct  kinds  of  individufds — 
males,  females,  and  neuters.  The  males  and  females  are  winged,  the  former  during  the 
whole,  the  latter  during  a  part  only  of  their  existence  in  the  perfect  state.  They  make 
their  appearance  in  great  numbers  at  a  particular  period  of  the  summer,  when  they  quit 
the  nest  in  which  their  preparatory  stages  have  been  passed,  and  copulate  in  the  air. 
When  this  has  been  accomplished,  the  males  speedily  die ;  but  the  females  lose  their 
wings,  and  crawl  about  upon  the  ground,  until  they  fall  in  with  some  neuters,  which 
immediately  seize  upon  them,  and  convey  them  to  their  nest.  The  neuters,  as  they  are 
called,  which  form  the  bulk  of  the  community,  are  in  reality  females,  in  which,  pro* 
bably  from  difference  of  food  in  the  larva  state,  the  sexual  organs  have  remained 
undeveloped.  Like  the  perfect  females,  they  are  furnished  with  a  sting.  It  is  upon 
these  that  the  entire  labour  of  the  society  devolves ;  they  form  the  nest,  carry  off 
the  eggs  when  laid  by  the  female,  and  attend  to  the  larvsB,  feeding  them  with  the  utmost 
care. 

The  nests  of  Ants  exhibit  a  great  diversity  of  structure ;  but  the  lanrgs  are  never 
inclosed  (as  in  the  Social  Bees  and  Wasps)  in  cells.  The  nest  consists  of  numerous 
chambers,  communicating  by  winding  passages ;  excavated  sometimes  in  the  ground, 
sometimes  in  heaps  of  earth,  or  other  matters  raised  above  the  surface,  and,  in  some 
cases,  in  the  trunks  of  old  trees.  Some  exotic  species  build  their  nests  on  trees,  walls, 
and  the  roofs  of  houses,  composing  them  of  earth  mixed  with  other  substances,  of  the 
excrement  of  animals,  or  of  vegetable  matters.  In  whatever  manner  the  nest  is  con- 
structed, however,  the  chambers  in  its  interior  serve  for  the  protection  of  the  larvs 
and  pupsB,  which  are  earned  from  chamber  to  chamber  by  the  workers,  so  as  to  ensure 
their  exposure  to  the  temperatdre  best  suited  for  their  development.  Thus  at  night 
the  young  animals  are  carefully  stowed  away  in  the  innermost  chambers  of  the  nest ; 
every  aperture  being  kept  closed,  to  prevent  the  ingress  of  the  cold  night-air.  But  as 
soon  OS  the  rays  of  the  morning  sun  fall  upon  the  surface  of  the  nest  the  workers 
busily  commence  carrying  their  infant  treasures  to  the  upper  chambers,  where,  close 
under  the  roof,  they  may  enjoy  the  genial  warmth.  Not  unfrequently  they  even  place 
them  for  a  time  on  the  outside  of  the  nest,  exposed  to  the  direct  rays  of  the  sun.  At 
the  approach  of  night,  or  of  a  shower  of  rain,  the  business  is  reversed ;  every  worker 
is  engaged  in  carrying  the  larvss  down  into  the  lower  chambers,  and  in  closing  up  the 
entrances  to  the  nest  against  the  unwholesome  cold  or  moisture. 

Although  the  Ant  has  been,  from  time  immemorial,  the  type  of  industry  and  provi- 
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denoe,  firoia  *  gencnil  beHef  tkat  it  laid  up  a  store  of  grain  in  Hha  sommax  season  to 
serve  for  its  support  during  winter,  it  is  certain  that  our  European  Ants  are  decidedly 
oamivoTous  in  Idieir  luibits ;  although  they  often  eyince  a  great  prcdileotian  ^  saccha- 
rine juices ;  and  it  is  not  improbahle  that  the  idea  of  their  providence  may  have  had 
its  zise  from  their  having  been  seen,  as  is  often  the  case,  carrying  the  cocoons  in  their 
mouths.  These,  by  a  superflcial  observer,  might  easily  be  nustaken  for  amall  grains  of 
com.  Colonel  Sytjes^  however,  observed  an  Ant  in  India,  whddh  certainly  lisd  up  a 
large  ertore  of  grass  seeds ;  and  it  is  poBsible  that  oti^r  e^des  may  hove  the  same 
habit,  one  of  which  may  have  been  in  Solomon's  eye  when  he  penned  hit  weU4mown 
advice  to  the  sluggard.  This  character  for  industry  will  not,  moieover,  t^P^  to  tiie 
whole  group ;  for  some  species  have  the  remarkably  lazy  haAut  of  making  slaves  of 
the  workers  of  other  species,  whilst  they,  like  ISenidal  baixms,  devote  tiiemselves  exclu- 
sively to  the  profession  of  arms. 

The  wings  t^  tile  male  and  f&sale  Ants  are  earned  fl»t,  and  umtdly  ftimished  with 
but  fdw  nerrupes  and  cells,  and  ^e  three  segments  of  ttie  l^iorax  fonn  a  roundish  or 
oval  mass.  In  ike  neuters,  the  tln^ee  segments  of  the  thorax  are  distinetiy  separated, 
the  middle  om  being  geti^rally  smaller  than  the  others,  so  that  the  xiMtax  i^p^^ears 
oocuBtticted  at  this  pad; ;— in  all,  the  first,  or  first  and  eecond,  segments  of  the  abdomen, 
Arming  ike  stalk,  are  famished  with  a  knob  or  scale.  The  males  and  females  possess 
l^ree  oce^ ;  the  workers  are  destitute  of  these  organs.  In  somie  species  a  second  kind 
of  neuters  make  their  appearance,  distinguished  by  the  enormous  aize  of  tiieir  heads 
and  mandibles  ;  Itiese  are  called  a^idUf^^  and  their  office  appean  to  be  the  pro*^ 
teoti(m  of  the  wotk^s  whiM  engaged  in  1^  perfonnance  of  their  vaiioas  duties* 
Some  qyedes  of  Ants,  inhabiting  trc^loal  countries,  sometimes  oome  in  swaims  into 
houses,  from  which  t^y  quiddy  e^pel  the  inmates,  biting  and  stinging  most  severely. 
One  of  these  species,  the  Aita  tephnMei,  which  inhabits  the  Wost  Indies,  is  tiiere 
known  as  the  Vit&img  Ant 

In  the  second  tribe,  the  FossoHa,  or  Burrotoing  Hymenopteraj  we  no  longer  find 
commtdties  of  three  kinds  c$  individuals ;  these  insects  are  solitary  in  their  habits,  and 
both  the  males  and  females  are  usuttlly  winged.  The  wmgs  lie  flat  upon  the  back  in 
r^ose.  Th»  tongue  is  never  olongated  and  thread-like ;  and  the  1^  are  constructed 
solely  fbr  walking  and  buitowisig,  and  never  dilated  to  form  instruments  for  carrying 
pdien. 

T%ie  fenaales  of  these  ibseots  excavate  little  burrows  in  wood  or  in  the  ground.  In 
the  latter  sase,  gen^:«Oy  seleOting  a  eandy  locality,  whence  the  name  of  iSmdtimttpe  is 
applied  to  «ome  of  ti:ietn.    In  these  burrows  they  lay  their  eggs,  accompanied  by  a 

sui^ly  of  food  for  1^  use  of  tiie  larva, 
consifting  of  other  insects,  spidirars,  &o. 
These  victims  are  either  killed,  or  re- 
duced to  a  very  panive  state,  by  a  sting 
£rom  the  pareut  inseot  before  being 
introduced  into  tite  burrow.  Informing 
the  burrows  thie  jaws  and  legs  are  the 
principal  agents,  the  latter  being  gme- 

Fig.  25B.-Aininopliila  sabulosa  malting  ite  nest.       ^^  fa^iAed  with  spiM  to  render 

tnem  more  efficient  in  tmsewing  out 
material.  When  competed,  the  mottth  e£  the  bmiuw  is  dosed  with  matezials  hronglit 
ill  the  mandibles  of  the  inseot  (f%.  256). 
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The  insects  composmg  the  third  trihe^  the  JHploptera  (with  the  exception  of  a 
single  genus),  are  distinguished  firom  all  other  Mymenoptera^  by  haying  the  wings  folded 
longitudinally  when  at  reaty  forming  a  pair  of  long  narrow  organs,  running  down  the 
sides  of  the  body.  The  tongue  is  rather  long ;  the  maTcilla  are  long  and  coriaceoixs  in 
their  texture  \  and  the  eyes  are  notched  or  kidney-ahaped. 

The  G<nnniQn  Wasp  {Ve^a  mdgarU)  may  be  taken  as  the  type  of  this  tribe.  This 
inseot,  as  is  woll  known,  liyes  in  extensiye  communities,  ii^abiting  a  nest  formed  in 
holes  of  the  ground ;  and  here,  as  in  the  Ants,  we  find  that  the  mass  of  the  community 
is  composed  of  barren  females  (workers).  In  the  Wasps  these  are  winged,  so  that  the 
(^etenoe  betwe^i  tkem  and  the  queens,  or  fertile  females,  is  less  striking  than 
amongst  the  ants.  But,  in  addition  to  these  social  Wasps,  there  is  a  considerable 
number  which  aie  solitary  in  their  habita,  possesung  only  indiyiduals  of  tht  two  sexes, 
petfeci  males  and  peifeet  females,  of  whith  the  latter  form  nests  or  burrows  in.  which 
they  lay  thdir  eggs,  after  stocking  them  with  food,  in  the  aame  manner  as  the  fossorial 
JB^fmmioptera^ 

The  nests  of  the  Social  Wasps  are  formed  of  a  paper-like  material,  prepared  by  tiie 
insects  &om  wood  and  other  vegetable  matters,  which  they  masticate  until  it  acquires 
a  pulpy  consistence,  and  then  apply  it 
to  the  building  of  their  nests.     The 
outside  usually  consists  of  layers  of  a 
rather  coarser  kind  of  paper,  and  the 
interior  of  the  nest  is  occupied  by  a 
series  of  transverse  combs,  composed  of 
hexagonal  cells,  with  the  mouths  down- 
wards.   The  combs  are  united  by  Httle 
pillars  formed  of  the  same  material.  In 
tbese  cella  the  eggs  »b  Wd,  and  ^e   ^  ^^T^  „,  ^^  ,,^^^1^  j„t  oommeBoed. 
larvsB  are  constantly  fed  with  honey  by 
the  workers.    A  few  species  even  lay  up  a  store  of  honey  like  the  Bees. 

The  societies  of  Wasps  ai©  entirely  destroyed  every  year  «t  the  approach  of  cold 
weither-'^uly  the  young  fiunalei  survive  I2ie  winter  in  a  state  of  torpidity ;  and  when 
the  mild  weadter  of  spring  again  caUa  them  into  lifis,  they  immediately  set  about  the 
Ibniuitioin  ti  a  neKt,  Sn  which  they  lay  a  few  oggs,  and  attend  to  thie  larvae  themselves. 
The  first  brood  consists  entirely  of  workers,  which,  on  reaching  the  perfect  state^ 
relieve  the  queen  <^  all  labour,  and  the  col(my  then  rapidly  increases.  It  is,  however, 
composed  aitirdy  of  workers  u&til  the  end  of  the  summer,  when  males  and  females 
lEkake  their  appearance. 

3^6  Solitary  Wasps  ntniaUy  make  their  nests  of  clay  or  agglutinated  sand,  generally 
atbachsng  them  to  trails  and  palings ;  a  few  also  burrow  in  sandy  ground.  The  nest 
ooiisiats  of  several  ceilis  placed  close  toge&er,  and  each  c^  is  st(»red  with  a  supply  of 
isaeot  food  for  the  suppoart  of  the  larvae. 

The  last  tribe  of  Hie  Sfmmopteray  the  AnthophiUiy  or  flower-lovers,  is  distinguished 
by  having  the  basal  joint  of  the  posterior  tarsi  dilated  aid  flattened,  and  often  fur- 
nished witii  an  appan^  of  bristles  adapting  it  for  the  oonveyanoe  of  pollen  (Pig.  258). 
The  labiiim  and  maxillffit  are  more  or  less  elongated,  generally  forming  a  trunk  (see 
Figs.  172  sod  173).  The  perfect  insects  feed  exclusively  upon  the  nectar  of  flowers, 
and  the  krvss  upon  this,  and  upon  pollen. 

In  flOBe  Bees,  ISonniag  the  funily  AtuhreniO^  the  trunk  is  short  and  bluat  at  the 
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apex.  In  these  it  is  the  basal  portion  of  the  lower  lip  (the  menttm  or  ehin)  that  is 
elongated.  The  posterior  legs  are  not  constructed  for  car- 
rjring  pollen.  These  insects  are  solitary  in  their  habits; 
the  females  forming  burrows  in  the  ground,  in  which  ihey 
deposit  their  eggs  in  the  midst  of  masses  of  pollen  and 
honey.  Numerous  eggs  are  laid  in  the  same  burrow ;  each 
furnished  with  a  separate  mass  of  paste,  and  divided  &om  its 
neighbours  by  a  litde  earthen  partition. 

In  the  true  Bees  (Apidne)  the  tongue  is  elongated,  and 
the  mouth  exhibits  the  general  construction  described  at 
page  333. 

In  these  we  meet  with  a  great  variety  of  habits,— some 
are  solitary,  and  of  these  some  burrow  in  the  ground,  like 
the  Andrenida ;  others  form  nests  in  dead  wood  {^yheopa^  Fig.  269) ;  others,  termed 
Mason  Bees  (Osmia)f  construct  their  cells  of  grains  of  sand  agglutinated  together ;  and 
others,  again,  known  as  Upholsterer  Bees,  or  Leaf-cutting  Bees,  line  their  nests  with 


Fig.    258.— Hind  1^  of 
working  Hive  Bee. 


Fig.  259.— Xylocopa,  or  Carpenter  Bee,  "with  its  nest, 
pieces  of  leaf,  which  they  cut  as  neatly  as  if  it  were  done  with  a  pair  of  scissors.    The 
Cuckoo  Bees    {Nomadai),   elegant  and  gaily-coloured  insects,  save  themselves  the 
trouble  of  nest-making,  by  depositing  their  eggs  in  the  cells  of  their  more  industrious 
brethren. 

In  the  Social  Bees,  which  exhibit  the  instinctive  faculties  in  their  highest  develop- 
ment, we  again  meet  with  three  sets 
of  individuals— males,  females,  and 
workers.  It  is  upon  the  latter  that 
the  labour  of  the  community,  the 
construction  of  the  nest,  and  the 
rearing  of  the  young,  generally  de- 
volve ;  although  amongst  the  Hum- 
ble Bees  (Bombi)  the  feoiales  also 
take  part  in  these  operations.  In  these, 
as  in  the  Wasps,  the  continuation 
of  the  species,  from  year  to  year,  de- 
pends upon  the  impregnated  females, 
which  pass  the  winter  in  a  state  of  torpidity,  and  in  the  spring  construct  a  small  nest, 


Fig.  260.— BombuB  lapidarius,  with  the  jaws  of  the 
male  and  female. 
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and  bring  up  their  first  brood  by  their  own  exertions.  Besides  the  neuters  we  find 
two  kinds  of  females  in  the  communities  of  Bombm^ — the  large  females,  which  found 
the  colonies,  and  smaller  oneS|  which  assist  in  the  labour  of  Uie  nest,  and  are  said  to 
produce  only  male  eggs. 

The  nests  of  the  Humble  Bees  are  generally  constructed  of  moss.  They  contain  a 
few  waxen  cells,  in  which  the  young  are  brought  up.  Both  the  females  and  workers 
have  the  basal  joint  of  the  posterior  tarsi  enlarged  and  excavated,  forming  what  has 
been  termed  a  basket,  for  the  conveyance  of  pollen.  These  are  wanting  in  some 
species  (Apathm\  which  are  parasitic  in  their  habits. 

In  the  Hive  Bees  the  society  is  permanent— that  is  to  say,  the  workers,  as  well  as 
the  females,  surviye  the  winter,  during  which  period  their  stores  of  honey  are  in- 
tended for  their  support.  Like  those  of  the  Humble  Bees,  their  communities  consist  of 
three  kinds  of  individuals,  males,  females,  and  neuters  (Fig.  261).  We  never, 
however,  except  at  the  period  of  swarming,  meet  with  more  than  one  female  in  the 


Fiff.  261.— A,  Qaeen ;  B,  Male,  or  Drone ;  C,  Worker. 

hive.  The  whole  duty  of  the  construction  of  the  comb,  and  the  care  of  the  young,  devolve 
upon  the  workers,  whose  incessant  activity  has  rendered  them  the  most  appropriate 
types  of  industry.  The  comb,  as  is  well  known,  consists  of  beautiful  hexagonal  cells, 
constructed  with  mathematical  accuracy.  It  is  perpendicular,  and  composed  of  a  double 
series  of  cells,  placed  end  to  end  in  such  a  manner  that  the  end  of  each  cell  is  closed  by 
three  waxen  plates,  each  of  which  also  assists  in  completing  one  of  the  cells  of  the  other 
side  of  the  comb.  By  this  arrangement  the  greatest 
possible  number  of  cells  may  be  constructed  in  a  given 
space  with  the  smallest  possible  amount  of  material.  In 
these  cells  the  eggs  are  laid.  Here  also  the  larvae  are 
brought  to  maturity  by  the  care  of  the  workers ;  and  when 
no  longer  required  as  nurseries  for  the  young,  they  are 
employed  as  a  store  for  honey.  The  eggs  which  are  to  rig.  2R2.— Portion  of  the  comb 
give  birth  to  males  are  placed  in  cells  a  little  larger  than  ^elte  Stulched^^^'  ^^'^  '°^^^ 
those  of  the  workers.      Those  from  which    females,  or 

queens,  are  to  be  produced,  are  deposited  in  cells  of  peculiar  construction  (Fig.  262) ;  and 
the  larvsB  are  fed  upon  a  different  food  from  that  of  the  workers.  When  the  population 
of  the  hive  has  grown  too  large,  a  portion  of  the  workers  emigrate,  accompanied  by  a 
young  queen ;  this  is  termed  swarming.  Many  other  details  relative  to  these  interesting 
and  valuable  insecte  will  be  found  in  the  works  of  Entomological  writers ;  and  we  may 
refer  the  reader  especially  to  the  Introduction  of  Messrs.  Kirby  and  Spence,  which 
contains  much  interesting  information  on  this  subject. 
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8TBEP8IPTERA,  OR  BEE-PARASITES. 


OaUlBB  XIL— STMMHUFrJMU, 

We  come  now  to  a  small  order  of  minnte  insects  wliicli  are  paiasitio  in  tiie  intmor 

of  nam^x>as  species  of  Bees  and  Wasps, 
and  the  histor^r  of  wMeh  is  so  singular  as 
to  hare  giyen  rise,  for  many  years,  to  a 
great  deal  of  peculation  amongst  Ento- 
mologists. The  males  (Fig.  263  A  B)  are 
rather  elegant  little  ereatures^  furnished 
wiilk  a  single  pair  (the  posterior)  of  large 
membranous  folding  wings,  the  place  of 
the  anterior  wings  being  oeoupied  by  a 
pair  of  curioui^  twisted  oigaas.  The 
mouth  is  provided  with  slender  jaws,  and 
with  a  pair  of  palpi ;  but  it  appears  to  be 
doubtful  whether  the  males  take  any 
nourishment  aft^  ^b^  airiyal  at  the 
perfect  state. 

The  females  (Fig.  263  D),  which  were 
long  taken  for  the  larvro,  present  the  ap- 
pearance of  soft  maggots^  f urniilied  with  a 
homy  head,  which  they  protrude  between 


.     Fig.  26g.— Stylops  Dalii. 
A,  Male  natural  sise;  B.  magnified;  C,  Bm  with 


f  inatc  iiavui  ox  bikC)   aj.  iuokuxucu  ,  v/,  ji^bv  wtui     uu&ujp  ucau,  vfUMiu.  u±\:y  ^xvurmnxs  ucbWccU 

^n'i^'^S^iS'^^rttSSr^:  ^^  ^«^^  »'*^«  BeeinwWch  they «e 
nified.  parasitic  (Fig.  268  0),  the  remainder  of  the 

body  remaining  concealed.  On  examining  this  it  is  found  to  contain  a  number  of  eggs, 
and  to  exhibit  a  broad  oanal  nmniag  up  to  theiiead,  on  the  under  surface  of  which  it 
opens.  Through  this  opening  the  male  feeundates  the  eggs,  the  female  never  quitting 
the  body  of  tiie  bee,  and  the  larred  are  hatched  within  the  body  of  their  motho',  fiom 
which  tiiey  escape  by  creeping  up  the  canal  above  mentioned.  In  their  earliest  state 
they  are  active,  little,  six-iboted  creatures,  which  were  long  supposed  to  be  parasites 
upon  the  Strepsipterous  parasite.  They  attach  themselves  to  the  bodies  of  Bees  and 
Wasps,  by  whom  they  arc  thus  conveyed  into  their  nest.  Hore  they  bury  themselves 
in  the  body  of  the  bee  larva,  and  become  converted  into  soft  maggot-like  grubs,  which 
continue  to  feed  upon  the  substance  of  their  victim  imtil  the  latter  arrives  at  its  perfect 
state. 

The  only  further  change  which  the  female  undergoes  oonsUts  in  tiie  hardening 
of  the  head  and  the  development  of  the  generative  cnrgans.  Thd  male,  however,  becomes 
converted  into  a  pupa  within  the  skin  of  the  larva,  the  head  of  which  also  becomes 
homy,  and  protmdes  like  that  of  the  female  from  between  the  rings  oi  the  Bee.  When 
the  male  is  ready  to  emerge,  this  homy  piece  is  tiirown  off  like  a  lid,  and  the  p^ect 
insect  quits  his  former  residence. 

During  their  existence  in  this  state,  which  is  probably  very  short,  the  males  are 
very  active,  flying  about  in  the  sunshine  with  a  buazing  noise.  The  uitennes  often 
exhibit  very  singular  forms,  being  sometimes  forked,  or  ln<anched,  and  sometimes 
pectinated.  The  eyes  are  generally  very  prominent ;  they  consist  ot  but  few  &cetB ; 
and  these  are  separated  from  each  other  by  raised  partitions,  which  give  a  curious 
cellular  appearance  to  their  surface. 
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The  po6iti(Hi  of  tbesa  mseots  in  the  system  has  always  been  a  -pn^le  to  Sxito* 
molofLtts,  axkd  eaa  soarody  yet  be  cono^Lered  settled.  By  scmie  authoia  they  have 
been  placed  anKmgst  the  Spmempimts  by  othere  amongst  the  Diptwa;  by  othera  as 
i&termediate  between  these  two  orders^  or  between  the  seoond  aider  and  the  Xteindoptera, 
la.  their  general  struoture,  howevar,  they  appear  to  approach  the  Ookopttra^  amongst 
whidh  they  are  ammged  by  some  recent  iGlntomologists ;  and  their  proper  position  is 
probably  between  the  Cokopiera  and  the  MymmopUra, 

OsBfiR  XIIL-^-OoLEOPTBRik. 

General  CliaxactenK— The  leading  characteristio  of  the  yast  order  of  Coleoptera, 
or  Beetles,  consists  in  the  leathery  or  homy  texture  of  the  anterior  wings  {elytra)  ^ 
which  serve  as  sheathes  for  the  posterior  wiiigs  in  repose,  and  generally  meet  in  a 
straight  line  down  the  back.  The  posterior  wings  are  membranons  and  much  larger 
than  the  anterior  pair  (see  Fig.  180) ;  they  are  the  sole  organs  of  flight,  and  are  folded 
both  longitudinally  and  transversely  when  not  in  use.  They  never  exhibit  the 
radiating  folds  and  nervures  which  we  have  seen  to  be  universal  in  the  hind  wings  of 
the  Orthoptera. 

The  mouth  in  the  Coleopisra  is  always  formed  for  biting,  and  perhaps  exhibits  the 
mandibulate  type  of  structure  in  its  highest  perfection  (see  Fig.  178,  p.  332).  The 
labrum  is  generally  distinct,  although  sometimes  concealed  beneath  the  front  of  the 
head.  The  mandibles  are  almost  always  strong,  somewhat  triangular,  homy  organs, 
which,  in  the  predaceous  Beetles,  are  hooked  and  sharp  at  the  points,  and  often  armed 
with  acute  teeth  on  the  inner  margin ;  whilst  in  many  herbivorous  species  the  inside 
of  the  basal  portion  is  transversely  ridged  to  &t  the  jaws  for  the  oomminution  of  vege- 
table substances.  In  some  Beetles,  which  feed  upon  fluid  matters,  the  mandibles  are 
dilated  into  membranous  hairy  plates.  In  some  cases,  as  in  the  common  Stag-beetle 
(Fig.  91),  the  mandibles  are  of  great  size,  and  some  allied  iq>ecies  have  them  still 
larger. 

The  ma^illfls  exhibit  diflerences  in  form  corresponding  with  those  of  the  mandibles. 
In  the  carnivorous  beetles  they  are  usually  acute  and  somewhat  hooked  at  the  tip; 
whilst  in  the  vegetable  feeders  they  are  generally  blunt  at  the  extremity,  and  frequently 
fringed  with  hairs.  They  are  always  furnished  with  one  pair  of  palpi,  consisting  of 
three  ox  four  joints ;  and  in  many  carnivorous  Beetles  the  outer  lobe,  which  was 
described  as  forming  a  hood-like  covering  in  the  OrthapUra,  acquires  the  form  of  a 
second  palpus.  The  labium  is  also  furnished  with  a  pair  of  palpi,  composed  of  from 
two  to  four  joints. 

The  other  organs  attached  to  the  head  are  the  antennss  and  the  eyes.  The  antennae 
exhibit  a  great  diversity  of  form,  numerous  examples  of  which  will  be  referred  to  in  the 
seqneL  They  axe  generally  composed  of  from  nine  to  eleven  joints,  jmd  are  inserted 
upon  the  forehead  between  the  eyes,  sometimes  dose  to  those  organSi  sometimes  more 
in  the  middle  of  the  head.  Compound  eyes  exist  in  nearly  all  Beetles ;  they  are  placed 
on  the  sides  of  the  head,  and  are  generally  of  a  more  or  less  spherical  form,  sometimes 
oval  or  kidney-shaped,  and  in  a  few  cases  divided  into  two  parts  by  an  elevated  ridge ; 
so  that  the  insect  appears  to  have  four  eyes ;  whilst  in  a  few  Beetles,  inhabiting  caves 
or  other  subterranean  situations,  the  eyes  are  entirely  wanting. 

The  thoracic  segments  are  always  distinctly  separated.  The  prothorax  is  usually 
of  considerable  size,  and  bears  the  first  pair  of  legs.    The  meso-  an^  metathorax  bear 
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the  other  two  pairs  of  legs,  and  the  elytra  and  wings,  beneath  which  their  upper 
surface  is  entirely  concealed,  with  the  exception  of  a  small  triangular  piece  of  the  meso- 
thorax  (the  aeuteUum),  which  is  usually  visible  at  the  base  of  the  suture*  The  elytra 
generally  cover  the  entire  dorsal  surface  of  the  body,  to  the  apex  of  the  abdomen,  and 
the  upper  portion  of  these  segments  is  then  of  a  soft  and  somewhat  membranous 
texture ;  but  in  some  cases  the  elytra  are  short,  leaving  a  greater  or  less  portion  uf  the 
abdomen  uncovered ;  this  is  then  equally  homy  on  both  surfftces.  In  some  cases  the 
wings  are  wanting,  when  the  elytra  are  not  imfrequently  completely  soldered  together 

The  legs  are  usually  constructed  exclusively  for  walking;  but  in  some  cases  the  fore 
legs  are  converted  into  fossorial  organs,  and  in  others  the  hind  legs  are  flattened  for 
swimming,  or  famished  with  thickened  thighs  for  saltatorial  purposes.  The  tarsi  are 
generally  composed  of  five  joints ;  and  this  appears  to  be  the  normal  number.  The 
number  varies,  however,  in  different  groups,  from  two  to  five. 

The  metamorphosis  of  the  Coleoptera  is  as  complete  as  in  the  Zepidopiera  and 
Symenoptera.  The  larva  is  usually  a  soft  fleshy  grub ;  although  the  texture  of  its 
integuments  is  often  leathery,  or  even  somewhat  homy,  especially  in  the  rapacious 
species.  The  soft  larvae  are  almost  always  famished  with  a  homy  head,  armed  with 
distinct  jaws,  and  usually  furnished  with  simple  eyes.  They  are  generally  furnished 
with  six  thoracic  legs  (although  these  are  sometimes  wanting),  and  frequently  also  with 
anal  pro-legs.    The  pupee  are  free  and  quiescent. 

This  order  includes  an  immense  number  of  species.  It  is  supposed  that  between 
thirty  and  forty  thousand  are  already  known ;  and  it  cannot  be  doubted  that  many  more 
still  remain  to  be  discovered. 

This  multiplicity  of  species  has  necessitated  the  formation  of  a  great  number  of 
groups ;  and  so  complicated  is  the  classification  of  the  CoUoptcra^  that  (although,  with 
the  exception  of  the  lepidoptera,  no  other  order  of  insects  has  so  much  engrossed  the 
attention  of  Entomologists,)  it  is  still  in  rather  an  imsatisfactoiy  state.  Latreille  divided 
these  insects  into  four  principal  sections,  characterized  by  the  number  of  joiiits  in  the 
tarsi;  and  although  this  character  is  liable  to  many  exceptions,  and  can  only  be 
regarded  as  applying  to  the  majority  of  the  insects  in  each  group,  yet,  as  it  furnishes  us 
with  the  best  means  of  effecting  the  general  division  of  the  order,  we  shaU  follow  it 
here  to  a  certain  extent.  In  the  largest  of  these  sections,  the  greater  number  of  the 
insects  have  five  joints  in  the  tarsi ;  these  form  the  section  Fentaiiiera.  In  a  second 
group,  the  Heteromera,  most  of  the  insects  have  five  joints  in  the  tarsi  of  the  two 
anterior  pairs  of  legs,  whilst  the  posterior  tarsi  are  composed  of  only  four  joints.  In 
the  Tetramera  all  the  tarsi  are  usually  four-jointed,  and  in  the  THmera  three-jointed. 

Section  I. — ^Trimeba.. 

In  this  section,  which  only  includes  a  single  tribe,  the  tarsi  apparently  consist  of 
three  joints ;  although  a  fourth  minute  joint  really  exists  at  the  base  of  the  lost  joint, 
concealed  within  the  bilobed  apex  of  the  second.  From  this  circumstance  Mr.  Westwood 
has  proposed  the  substitution  of  the  name  Fseudotrtmera,  for  that  of  Trimera.  The 
antennsB  are  short  and  usually  clavate ;  the  maxilloe  bilobed,  with  shortish  palpi, 
usually  terminated  by  a  hatchet-shaped  joint ;  and  the  body  is  either  oval  or  hemi- 
spherical, and  very  flat  beneath. 

An  excellent  example  of  this  tribe  of  Beetles  is  afforded  by  an  insect  that  must  have 
been  familiar  to  most  of  us  frx)m  our  earliest  years, — ^the  Common  Lady-bird  {Coceinella 
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1'Ptmetata),  The  numerous  species  of  CoeeiMUa  feed  principally  upon  Aphides^  both 
in  the  larva  and  perfect  states.  The  larvae  of  our  common  species  are  constantly  to  be 
met  with  on  plants  infested  by  Aphides ;  they  are  of  a  slate  colour,  with  yellow 
tubercles  and  spots,  and  furnished  with  six  well-developed  legs.  They  attach  them- 
selves by  the  tail  before  changing  to  the  pupa  state.  The  colours  of  the  perfect  insects 
run  from  red  or  yellow,  with  or  without  black  spots,  to  black,  with  or  without  red  or 
yellow  spots ;  and  as  all  this  variety  of  colour  may  occur  in  individuals  of  the  same 
species,  the  determination  of  the  species  in  this  group  is  excessively  difficult.  When 
touched  or  disturbed,  the  Lady-birds  draw  their  legs  close  up  to  the  body,  emitting  at 
the  same  time  a  yellow  and  somewhat  acrid  fluid,  which,  according  to  some  writei-s,  is 
a  specific  for  the  tooth-ache. 

Ssonoir  II. — ^Tetsa.mera« 

The  majority  of  the  insects,  composing  the  three  .tribes  included  in  this  section, 
have  only  four  apparent  joints  in  all  the  tarsi,  the  trUe  fourth  joint  being  reduced  to  a 
very  small  size,  and  concealed  within  the  one  preceding  it.  As  this  joint  cxiste, 
however,  Mr.  Westwood  has  proposed  the  addition  to  the  name  of  this  group  of  the 
same  prefix  as  to  the  Trimera ;  he  accordingly  calls  these  insects  Pseudotetrawera, 

In  the  first  tribe,  the  Fhi/tophaga,  the  body  is  usually  of  a  more  or  less  ovate  form, 
generally  very  convex,  rarely  elongated ;  the  head  is  short,  not  produced  into  a  snout,, 
immersed  in  the  thorax  up  to  the  eyes ;  the  antennee  are  shortish,  usually  thread-, 
shaped,  or  slightly  clavate ;  the  mandibles  are  small,  the  maxillae  bilobed  at  the  apex, 
with  the  outer  lobe  often  jointed  and  palpiform  ;  the  palpi  are  short. 

These  insects  rarely  attain  any  great  size,  and  many  of  them  are  very  minute ; 
their  colors,  however,  especially  in  the  larger  exotic  species,  are  often  very  splendid ;  in. 
some  cases,  perhaps,  exceeding  in  brilliancy  those  of  any  other  Beetles.  They  feed  upon 
plants,  both  in  the  larva  and  the  perfect  state ;  and  many  of  them  do  gi-cat  damage 


Fig.  264.— Chrysomela  populi.    a,  Larva;  Fig.  265.— Tumip-fly ;  natural  sizo 

bf  Pupa ;  c,  Imago.  *  tuid  magnified. 


to  crops.  The  Tumip-fiy  {Ealtica  netnorum^  Fig.  265),  one  of  the  most  destructive 
species,  belongs  to  a  group  in  which  the  posterior  thighs  are  much  thickened  fur 
jumping. 

'J  he  most  singular  insects  belonging  to  this  tribe  are  the  Ca^sididte,  or  Helmet 
Beetles  (Fig.  267),  in  which  the  body  is  rather  flat,  margined  all  round  with  rlilitations 
of  the  thorax  and  elytra.  The  dilated  portion  of  the  former  completely  concoals  evim 
the  head.  They  are  slow-moving  animals,  which  always  draw  up  their  limbs  nnd 
mimic  death  when  disturbed.  Their  larvBB  are  furnished  with  a  caudal  fork,  ])r()- 
i  ecting  forwards  over  th?  back.  Upon  this  they  collect  their  excrement,  which  thus 
Ibrms  a  portable  shelter. 
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The  iosocts  of  the  tribe  Zongieomut  are  geaerallj  distinguiahable  from  all  othw 


Fig.  266.  Fig.  267. 


Fig.  266.— AcanthocinuR  speculifer. 

Fig.  267.— Casaida  viridia,  in  its  different  states,     a,  larwa ;  &,  the  same  on  a  leaf,  with  its  cover- 
ing of  excrement ;  c,  pupa ;  d,  perfect  insect. 

Beetles  by  the  great  length  of  their  antennse  (Fig.  266),  which  are  usually  considerably 
longer  than  the  body.  The  body  is  usually  elongated  in  its  form ;  the  head  is  never 
produced  into  a  rostrum ;  the  mandibles  are  large  and  prominent,  and  the  labrum  is 
usually  distinct. 

Most  of  these  are  large  and  elegant  insects,  often  adorned  with  splendid  colours,  or 
armed  with  spines  upon  the  thorax  and  other  parts  of  the  body,  which  render  their 
appearance  curious  and  even  grotesque. 

Their  antennae  are  usually  filiform,  or  tapering  towards  the  extremity ;  but  in  some 
cases  they  are  toothed  or  pectinated,  and,  in  a  few,  adorned  with  singular  tufts  of  hair. 
The  legs  are  long  and  formed  for  walking,  but  often  exhibit  curious  modifications ;  the 
elytra  and  wings  are  well  developed. 

One  of  the  hiCudsomest  British  Beetles  is  the  GaUiekroma  mosehata  (Fig.  180), 
belonging  to  this  tribe.  It  is  also  distinguished  by  its  peculiar  musky  odour.  It  is 
of  a  fine  metallic  green  colour ;  but  many  exotic  insects  nearly  allied  to  this,  are  far 
more  splendid  in  appearance. 

The  larvsB  of  these  insects  live  in  timber,  often  doing  enormous  injury  to  trees  by 
eating  large  passages  through  the  solid  wood.  They  are  soft,  fleshy  grubs,  generally 
widened  in  front,  almost  destitute  of  feet.  They  appear  to  live  in  this  condition  for 
several  years,  and  afterwards  probably  pass  a  considerable  time  in  the  pupa  state,  as  the 
perfect  insects  have  been  known  to  eat  their  way  out  of  timber  which  had  been  for 
some  time  worked  up  into  furniture.  These  Beetles  generally  produce  a  sharp  grating 
sound,  by  the  friction  of  the  back  of  the  prothorax  upon  the  base  of  the  scutellum. 

The  Rhynchophora^  forming  the  third  tribe  of  Tetramerous  Beetles,  are  distuiguished 

by  haying  the  front  of  the  head  produced  into  a  snout  or  rostrum,  at  the  extremity  of 

which  the  mouth  is  situated.     The  antennse  are  placed  on  the  sides  of  this  rostrum, 

sometimes  at  the  base,  sometimes  at  the  apex,  and  in  all  intermediate  positions.    They 

.    are  generally  geniculsuted ;  that  is,  furnished  with  a  long  basal  joint,  at  the  extremity  of 

;    which  the  remainder  of  the  antennas,  which  consists  of  shorter  joints,  ia  bent.    Tha 

I    extremity  of  the  antenna)  is  more  or  less  clavate.    The  taisi  are  four-jointed. 

The  larvsQ  are  soft,  footless  grubs,  which  usually  live  in  the  interior  of  the  stems, 
fruits,. and  seeds  of  plants,  to  which  their  ravages  are  often  very  injurious.  Amongst 
these  the  Corn-weevil  {Cinlandra  granaria)  holds  the  first  place,  as  its  larva  frequently 
causes  great  damage  in  granaries.     One  of  the  conmionest  species  is  the  Balaninua 
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Fig.  268.— A,  a  branch  of  the  fllbert  tree ;  a,  a  hesJed 


wound  caused  by  the  introduction  of  the  egg  of  the 
Nut-weevil;  b,  extremity  of  the  nut;  c,  exit  hole  of  the 


nrnemi  (Fig.  268 ),  or  Kut-^ieeevil,  thepanest  of  tJie  little  white  grabs  so  freqizenilj  met 
-with  in  Mbepts  and  other  nats.  This 
inileot  has  the  losgest  rostrum  of  any 
^itiah  Shync^ophoroufl  Beetle,  and 
by  means  of  ^is  the  female  is  said 
to  eat  a  small  hole  in  tlie  yonng  nut 
-whilst  its  integoments  are  still  soft. 
Here  idie  deposits  an  egg,  and  tlie  larva 
when  hatehed  eats  its  way  into  the 
interi<^  of  the  kernel,  where  it  con- 
tinues to  reside  until  it  has  arrived 
at  maturity.  It  then  eats  its  way 
out  of  the  nut^  and  falls  to  the  ground, 
into  whieh  it  burrows,  and  there  un- 
dergoes; its   transformation  to  tiie 

pupa  state,  which,  however,  does  v   t>  ^v   -     ^  \>  ^' » -»  ~- 

r^  1       1  ^  ^1.  8^^^  J  B,  the  grub  of  the  nut-weevil;  C,  the  pupa 

not  take  place  until  tne  commence-  the  same ;  D,  the  perfect  insect  {Balaninua  nucum). 
ment  <^  the  second  simimer.  The 
histcnry  of  the  other  species  of  the  tribe  s^^ears  to  be  very  similar,  although  many  pass 
to  the  pupa  state  attached  to,  or  inclosed  within  the  substances  upon  which  they  have 
been  feeding  in  the  larva  state. 

Most  of  the  Rhynchophora  are  more  or  less  covered  with  minute  scales,  somewhat 
resembliiig  l3iose  with  which  the  wings  of  the  Lepidoptera  are  clothed ;  and  these,*  in 
many  cases,  exhibit  a  splendour  of  colour  scarcely,  if  at  all,  infferior  to  that  of  the  most 
gorgeous  of  Butterflies.  Even  amongst  our  small  British  species,  several  of  great 
beauty  are'tb  be  met  with  on  every  bank  of  netties ;  and  few  insects  can  boast  of  greater 
magnificence  than  the  well-known  Diamond  Beetie  of  Brazil  {Ourculio  imperialis). 

The  insects  just  referred  to,  all  possess  geniculated  antennee ;  but  the  habits  of 
those  with  straight  antennsB  differ  but  littie  from  those  of  their  allies.  One  of  the  best 
known  is  the  Bruehmpisi,  the  larva  of  which  is  very  common  in  the  seeds  of  the  pea ; 
and  to  such  an  extent  does  this  insect  aboimd  in  some  localities,  that  it  has  sometimes 
occasioned  the  entire  destruction  of  the  pea  crops.  Another  species,  Rhynchite  Bacchus^ 
attacks  the  buds  and  leaves  of  the  vine,  to  which  it  often  does  immense  injury  in  the 
wine  countries  of  Europe. 

A  considerable  number  of  the  true  Rhynchophora  burrow  in  their  larva  state  into  the 
stems  of  trees,  often  forming  holes  of 
considerable  diameter  in  the  solid  wood. 
They  are,  however,  completely  outdone 
in  this  respect  by  the  insects  of  the  fol-     ,  ) 
lowing  sub-tribe,  which  have  received     yA| 
the  name  of  Xylophaya,  from  their  con-     J'  3 
stant  habit,  botii  in  the  larva  and  perfect     '    •cL 

n 

Figr. 


states,  of  boring  into  the  solid  wood  of 
trees.  In  tiieir  general  structure  they 
resemble  the  Rhynchophora;  but  their 
heads  are  broad  and  flat,  not  distinctiy 
rostrated,  and  the  antennae  are  inserted 
beneath  the  lateral  margins  of  the  head. 


).— 1,  2,  Tomicus  typograpbus.  3,  4,  Hy- 
lurgus  pinlperda  (natural  size  and  magnified). 
5,  6,  Larva  and  pupa  of  Hylurgus. 

Although  these  insects  are  of  small  size. 
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.the  damage  whicK  they  occasion  in  forests  is  often  enormous.    The  Scolptus  destructor , 

a  common  British  species,  destroys 
^^■^i&i^^-^^^ — ,._ — ^^  T  ■-  -^-  ^ —        great  numbers  of  elm-trees  ;  but 

the  ravages  of  some  other  species, 
in  the  pine-forests  of  Grermany,  are 
almost  incredible.  Of  these  the 
commonest  are  the  Tomieus  typo- 
grapkus  and  the  Hylurgua  pinipe^-da 
(Fig.  269).  The  former  receives 
its  name  of  the  Typographic  Beetle 
from  the  circumstance  that  the 
burrows  formed  by  it  in  feeding 
upon  the  soft  wood,  immediately 
within  the  bark,  often  present  a 
Fig.270.-^TrackofTomicafltypographu8.  rude  resemblance  to  printed  cha- 

racters (Fig.  270),  The  devastations 
of  thess  apparently  contemptible  foes  are  sometimes  so  formidable,  in  the  pine-forests  of 
Germany,  that  prayers  for  their  restriction  are  offered  up  in  the  churches ;  and  we  are 
told  that,  in  the  year  1783,  at  least  a  million  and  a  half  of  trees  were  destroyed  by 
t)iese  insects  in  the  Hartz  forest  alone. 

Section  III. — Heteromera. 
Nearly  all  the  insects  of  this  section  of  the  Goleoptera  have  four  joints  in  the  posterior 
tarsi ;  whilst  the  other  four  feet  are  composed  of  five  joints.  They  are  divided  by 
Mr.  "Westwood  into  two  tribes — ^the  Trachelia,  in  which  the  head  forms  a  distinct  neck 
behind  the  eyes,  and  the  Atraclieliay  which  possess  no  distinct  neck,  the  head  being 
immersed  up  to  the  eyes  in  the  thorax. 

The  Trachelia  are  generally  active  diurnal  insects,  frequently  adorned  with  gay 

colours.  Their  bodies  areoften 
soft,  the  elytra  flexible,  and 
sometimes  much  shorter  than 
•the  abdomen.  To  this  tribe 
belongs  the  Blister-fly  {Lytta 
vesicatoriay  Fig.  271),  the  im- 
portant medicinal  uses  of 
which  are  so  well  known. 
These  insects  are  common  in 
the  south  of  Europe,  and 
specimens  have  occasionally 
been  met  with  in  England; 
they  feed  principally  upon  the  ash.  Many  other  insects  belonging  to  this  tribe  also 
contain  a  substance  which  has  the  effect  of  raising  blisters  when  applied  to  the  skin : 
and  these  are  employed  in  their  native  countries  in  place  of  the  Lytta  vesicatoria.  The 
species  of  Meloe,  several  of  which  are  foui^d  in  Britain,  possess  this  property ;  which, 
however,  seems  in  all  cases  to  increase  in  intensity  in  proportion  to  the  heat  of  the 
country  in  which  the  iusects  live.  The  species  of  Meloe  are  soft,  sluggish  Beetles,  with 
short  elytra  and  no  wings,  which  maybe  found  crawling  about  amongst  the  grass,  in  warm 
sandy- places,  in  the-  early  summer.     The  young  larvae,  on  first  leaving  the  egg,  closely 


Fig.  271.— -Lytta  vesicatoria. 
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resemble  those  of  the  Strepsiptera  already  described  (see  p*  398)  ;  and  as  they  attach 
themselyes  in  the  same  way  to  wild  bees,  it  is  supposed  that  tliey  are  afterwards 
parasitic  upon  the  bee  larrs.  Hence  some  entomologists  regard  tlie  Strepsiptera  as  a 
group  of  Coleoptera  nearly  allied  to  these.  The  curious  Ripiphoi^tu  pat:adoxus^&  small 
Beetle  also  belonging  to  this  group— is  parasitic  in  the  nests  of  the  common  W^sp ;  and 
many  other  species  appear  to  be  parasitic  in  their  larva  state.  One  of  the  most  beautiful 
of  the  British  species  is  the  scarlet  Pyrochroa  rubewiy  which  is  found  about  hedge- 
banks  in  the  neighbourhood  of  London.  In  the  Salpingiday  which  appear  to  connect 
this  group  with  the  preceding,  the  front  of  the  head  is  produced  into  a  short  snout. 

The  AtraeJielia  are  generally  black,  or  of  dull  colours,  nocturnal  in  their  habits,  and 
slow  in  their  motions,  usually  crawling  upon  the  ground  in 
obscure  situations.    A  few  are  found  upon  trees  and  plants ; 
and  these,  in  their  structure,  evidently  approach  the.  pre* 
ceding  tribe. 

A  very  good  example  of  this  group  is  furnished  by  the 
common  Blape  mortieaga  (Fig,  272),  which  bears  the  not 
particularly  inviting  English  name  of  the  Churchyard 
Beetle.  These  insects  are  generally  found  in  dark  and 
dirty  places  about  houses,  in  cellars  and  similar  situations. 
Another  species  is  the  Tenebrioinolitory  of  which  the  larva, 
found  in  flower,  meal,  &c.,  is  well  known  as  the  Meal- 
worm. Other  species  live  under  the  bark  of  trees,  and  „,  «,„  ^^  ^  ,«  , 
.     ,         .  *1  V 1  i.*        V  4  ^-11.  Fig.  272.— Churchyard  Beetle 

in  decaying  vegetable  matter;  but  comparatively  few  are  {Blaps mortisaya), 

found  in  this  country. 

Section  IV.— Pentambra. 

It  is  in  this  section  that  we  find  the  greatest  variation  in  the  number  of  joints  in 
the  tarsi.  A  great  number  of  the  insects  of  which  it  is  composed  would  require  to  be 
distributed  amongst  the  preceding  sections,  if  we  allowed  none  but  truly  Pentainerous 
beetles  to  be  arranged  here ;  these,  however,  are  exceptions  to  the  general  rule,  and  the 
majority  of  the  insiicts  placed  in  this  section  have  tarsi  composed  of  five  distinot  joints* 

As  the  number  of  Pentamerous  Beetles  is  very  great,  and  they  exhibit  a  corresponding 
diversity  of  structure  and  habit,  their  subordinate  divisions  are,  of  course,  very  nume- 
rous. They  may,  however,  be  divided  into  eight  principal  tribes,  of  which  six  have  the 
outer  lobe  of  the  maxilloo  of  the  usual  form,  whilst  in  the  other  two  it  is  joiuted  and 
palpiform  (see  Fig.  171,  c).  Of  the  former,  the  Serricornia  arc  principally  distinguished 
by  the  structure  of  their  antennas,  which  are  usually  rather  elongated,  filiform,  or 
tapering  towards  the  extremity,  and  serrated  or  pectinated.  The  penultimate  joint  of 
the  tarsi  is  often  bilobed. 

In  some  of  these  insects,  forming  the  sub-tribe  Malaeodermatat  the  body  is  usually 
soft,  and  the  insects,  in  their  general  form,  present  a  considerable  resemblance  to  many 
of  the  first  group  of  Heteromera,  They  are  further  distinguished  from  the  Stemoxia^ 
forming  the  second  sub-tribe,  by  having  the  presternum  of  the  ordinary  form,  and  not 
produced  into  a  spine  posteriorly.  Many  of  these,  such  as  the  insects  well  known  to 
children  as  Soldiers  and  Sailors  {Telephort),  are  predaceoas  in  their  habits,  whilst  others 
are  wood-borers,  and  some  feed  on  dry  animal  substances.  Of  the  wood-boring  species, 
one,  HkeZymexylon  navade,  infests  oak  timber,  to  which  it  frequently  does  incredible 
mischief  in  dockyards.    It  is  common  in  the  north  of  Europe,  but  appears  to  be  rare 

• . ^-.- —rrr^. 
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in  England.  CHiher  species,  which  also  bore  into  timber  in  their  larva  state,  are  well 
known  by  the  name  of  the  "  Death  Watch"  (Anobiumy  Fig.  273),  from  their  habit  of 
making  a  ticking  ndse  by  knocking  with  their  j&ws  against  the  woodwork  upon  which 
they  are  standing.  They  are  little  ereatares,  which  often  do  great  damage  to  fiusiiture 
in  houses.  When  touched,  they  contract  their  legs  and  counterfeit  deaith,— a  Jaece  of 
mimicry  which  they  are  said  to  keep  up  even  when  exposed  to  a  heat  8Tiffi(»ent  to 


Fig.  273.— Anobium  striatum,  natural  Rg.  274.— Ok)w-wonn  (Lampyria  noctiluca), 

flize  and  magnified.  male  {md  female. 

roast  them.  To  this  group  also  belongs  the  Glow-wonn  (Zampt/ruj  Fig.  274),  whose 
lamp  has  so  often  been  the  theme  of  the  poef  s  song.  The  female  alone  is  lumi- 
nous. It  is  a  flat,  grayish-brown  creature^  quite  destitute  of  wings.  The  male,  on  the 
contrary,  is  active,  and  flies  weU ;  and  the  luminosity  of  the  female  appears  to  be 
intended  to  attract  her  volatile  companion.  The  larvsB  of  some  species  of  the  genus 
Clerua  live  parasitically  in  the  nests  of  Bees  and  Wasps,  feeding  upon  their  larvae. 

In  the  Stemoxia  the  prostemum  is  produced  in  front  into  a  lobe,  and  behind  into  a 
spine,  which  is  received  in  a  small  cavity  of  tiie  mesoet^mum.  By  the  assistance  of  this 
apparatus  (the  spine  being  drawn  out  of  its  groove  and  then  suddenly  brought  into  it 
again)  many  of  these  insects  (Ihe  £ldierida)  are  enabled  to  execute  eonsiderable  wrings, 
when  laid  upon  their  backs.  The  larvse  of  s(»ae  species  are  wood-borers ;  those  of 
others  live  in  rotten  wood ;  and  some  inhabit  the  ground,  feeding  upon  the  roots  of 
plants.    One  of  the  latter  is  well  known  to  agricultorists  afi  the  Wire-worm. 

Some  of  these  insects  are  luminous  in  the  dark.  They  are  the  Fire-flies  of  trqplcal 
countries.  The  light  is  emitted  from  two  large  oral  spots  on  the  thorax.  Others  are 
remarkable  for  the  metallic  splendour  of  their  colours ;  of  these  {Bupretiida)  very  few 
are  found  in  Europe ;  but  the  exotic  species  are  numerous,  and  often  attain  a  large 
size. 

-  The  vast  tribe  of  the  Lamellicom  Beetles  {LameUieomia)  is  chardcterized  by  having 
the  antennffi  terminated  by  a  club,  composed  of  several  leaf-like  joints^  laid  together 
like  the  leaves  of  a  book.  This  tribe  includes  an  immense  numb^  of  species,  some  ol 
which  are  amongst  the  largest  and  most  splendid  of  insects.  In  the  8tag  Beetle 
{Zueamu  cervm,  Fig.  91),  the  leaves  are  short  and  distinct,  rendering  the  elub  pecti- 
nated ;  whilst  in  the  common  Cockchafer  {M*lohntha  vu^aria)  they  are  of  considerable 
length,  especially  in  the  male,  and  fold  up  like  the  leaves  of  a  fan.  These  inseotft  fly 
well,  but  heavily,  with  a  loud  whirring  noise ;  but  they  generally  crawl  slowly.  The 
larvee  are  thick  fleshy  grubs  (Fig.  275),  furnished  with  a  distinct  head,  and  wHh  six 
jointed  feet,  and  have  the  hinder  part  bent  down.  They  live  in  very  various  situations, 
in  dung,  in  decaying  vegetable  matt^,  and  in  the  earth,  feeding  upon  roots.  They 
usually  pass  several  years  in  the  larva  state,  and  change  to  the  pupa  in  the  interior  of 
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a  sort  of  cocoon,  formed  of  partides  of  tiie  surrounding  materials,  agglutinated  together 
by  a  8ti<^  secretion  (Fig.  276). 

Many  of  the  perfect  insects  are  found  in  the  siime  eituations  as  their  larv®,  espe- 
dally  in  the  case  of  the  Dung- 
feeding  i^eeies.  Of  those  which 
live  in  rotten  wood,  many,  like 
the  beautiful  Kose-chafer  of  our 
own  country  (Fig.  275),  and  its 
still  more  splehadid  foreign  allies, 
frequent  flowers  in  their  perfect 
eftate ;  and  1he  common  Cockcha- 
fer, the  larya  of  whi<^  ^ds  upon, 
and  often  does  great  mischief  to, 
the  roots  of  plants,  lives  entirdy 
upon  leaves,  after  it  has  under- 
gone its  last  change.  *  *- 

Many  of  the  Dung-beetles^ 
amcmgst  which  the  Sacred  Beetle 
of  the  Egyptians  (Fig.  276), 
hidds  a  prominent  place,  are  re- 
markable for  indosing  their  eggs 
in  a  small  pellet  of  dung,  which 
they  then  roll  along  wi&  their 
hind  legs,  until  they  drop  it  into 
a  hole  which  they  have  dug  for  its  reception.  Others,  like  the  common  Qeolrupida  and 
AphoeHithB  of  our  own  country,  are  coiitditcid  with  depositing  their  eggs  in  the  midst 
of  a  plentiful  supply  of  food^  The  fomul  of  some  of  these  insects  are  extremely  curious ; 


Fig.  275. 


-Larra,  Pupa,  and  Imago  of  the  Bose-beetle 
{Cetonia  awata). 


Fig.  276.— ScarabiBUs  jEgyptiorum.  Fig.  277.— Dynastes  ttercules  (reduced). 

and  many  of  the  larger  tr(^ical  species  are  furnished  wilii  enormous  horns  on  the^^ead 
and  thorax,  which  give  them  a  singular  appearance.  The  Dynoites  EercuUs  (Fig4277) 
is  one  of  the  most  remarkable  of  these.  It  is  a  native  of  Brazil,  and  is  one  of  the 
largest  Beetles ;  sometimes  attaining  a  l^igth  of  five  inches. 

The  classification  of  the  insects  which  we  refer  to  the  four  following  tribes,  and  the  ar- 
ran|(ement  of  the  latt^j  ate  still  in  a  most  unsatisfactory  state ;  and  almost  every  writer 
jxptm  this  branch  of  !Ekrtomology  puts  forth  views  different  from  those  of  his  predecessors. 
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In  the  Helocera^  which,  appear  to  make  the  nearest  approach,  both  in  structure  and 
habits,  to  the  Lamellioom  Beetles,  the  antennas  are  tero^ated  by  a  knob,  composed  of 
several  joints,  which  are  sometimes  pressed  closely  together,  and  sometimes  loosely  con~ 
nectcd,  so  as  to  give  the  club  a  serrated  appearance.  .They  are  fuither  distinguished 
by  their  flattened  contractile  limbs,  each  portion  of  which  folds  closely  upon  its 
neighbour ;  the  whole,  when  thus  reduced  to  the  smallest  compass,  being  received  in 
cavities  of  the  lower  surface  of  the  body.  This  position  is  always  assumed  by  these 
Beetljs  whon  alarmed ;  and,  from  this  assumption  of  a  deaths-like  attitude,  some  of  the 
commonest  species  have  received  the  name  of  Mimie  Beetles*  These  insects,  both  in  the 
larva  and  pL>rfect  states,  are  commonly  found  in  cow-dung ;  a  few  also  inhabit  rotten 
wood  ;  some  are  to  be  met  with  under  the  bark  of  trees,  and  a  few  in  carrion.  This 
triba  includes  two  groups : — ^the  Histerida^  smallish  insects,  generally  of  a  black  colour, 
with  geniculated  antennae,  and  the  elytra  rather  shorter  than  the  body,  which  is  usually 
of  a  square  form ;  and  the  Byrrhida,  with  straight  antennas,  and  the  elytra  as  long  as 
the  abd«»raen.  The  latter  are  of  a  round  or  oval  form,  whence  they  have  received  the 
name  of  li/l-beetles. 

The  next  tribe,  the  Ifecrophaga,  includes  an  immense  number  of  small  and  moderate 
sized  insects,  which  live  for  the  most  part,  both  in  the  larva  and  perfect  states,  in 
clccompoiing  animal  and  vegetable  substances.  A  good  many  are  also  found  under  the 
bark  of  trees,  and  in  Fungu  Like  the  preceding  insects,  these  have  clavate  antennas, 
but  thoir  legs  are  not  contractile.  The  nearest  approach  to  the  preceding  tribe  is  made 
by  tlic  Deymestidaj  small  Beetles,  clothed,  like  the  ByrrhidcBf  with  minute  hairs,  whidi 
ofcen  do  grjat  damage  to  skins  and  furs,  and  other  dry  animal  matter.  The  commonest 
species,  I  ermestea  lardariusy  has  received  its  specific  name  on  account  of  the  fondness 
exhibited  by  its  curious  larva  for  bacon.    . 

'i*hc  largest  and  most  interesting  insects  belonging  to  this  tribe,  are  those  of  the. 
family  Hifplndcdy  which  includes  the  Burying  Beetles  (Neerophon)  Fig.  278)  and  their 
allies.  U'he  Burying  Beetles  are  prompted  by  their  instinct  to  bury  any  small  animals^ 
or  piec:'s  of  carrion,  as  a  provision  for  their  young.  In  many  cases  several  of  them  set 
to  work  together,  getting  under  the  animal  to  be  buried,  and  digging  the  earth  out  with 


Figr.  278.— Burying  Beetle  (Mecrophonu).  Fig.  279.— Hydrophilns  Caraboldes. 


their  feet.  In  this  way  they  will  quickly  bury  animals  many  times  their  size,  such  aa 
mice  and  small  birds.  These  insects  are  not  uncommon.  They  run  and  fly  well ;  and 
some  of  them  are  adorned  with  bright  orange-coloured  bands ;  but  they  diffuse  a  most 
abominable  odour,  arising  probably  from  the  nature  of  their  food. 

'1  hfc  insects  of  another  small  tribe,  called  FhUhydrida^  from  their  generally  aquatic 
habits,  also  have  davate  antennas,  but  these  are  usually  very  short,  whilst  the  maxil- 
lary palpi  are  of  great  length,  and  often  longer  than  the  antennas.  Most  of  these 
injects  live  constantly  in  the  water ;  and  their  legs  are  generally  more  or  less  flattened,  to 
render  them  efficient  as  natatory  organs  (Fig.  279).    One  of  the  largest  British  Beetles,    I 
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the  Hydt-ous  pieeus,  which  is  not  uncommon  in  ponds  in  some  localities,  belongs  to  this 
tribe.  It  also  includes  a  group  of  small  hemispherical  Beetles  (the  SpIiaridiidcB)^  which 
constantly  inhabit  dung.  The  aquatic  species  are  camiyorous  in  their  habits,  and  the 
larger  ones  will  often  attack  young  frogs  and  fishes. 

We  now  come  to  a  group,  the  location  of  which  has  given  much  trouble  to  entomo- 
logists, as,  although  it  is  undoubtedly  nearly  allied  to  the  Neerophaga^  its  introduction 
in  the  neighbourhood  of  that  tribe  always  appers  to  interrupt  some  natural  affinities. 
The  active  predaceous  habits  of  some  of  the  larger  species,  of  which  the  Go'erius  ohm 
(Fig.  280)  is  a  very  common  example,  seem  also  to  point  to  an  alliance  with  the  true 
carnivorous  Beetles ;  and,  on 
the  whole,  this  is  perhaps 
the  most  natural  position  for 
these  insects.  They  are  cha- 
racterized by  their  generally 
filiform  antennse,  and  by  the 
shortness  of  their  elytra, 
which  always  leave  a  con- 
siderable portion  of  the  abdo- 
men uncovered;  The  name 
Braehetytra^  given  to  the 
tribe,  refers  to  this  character. 
The  wings,  however,  are. 
usually  ample,  and  the  insects  fly  well.  They  are  generally  of  an  elongated  form ; 
and  the  abdomen,  which  is  homy  on  both  surfaces,  possesses  great  mobility.  It 
assists  in  tucking  the  wings  under  the  elytra  after  flight ;  and  the  insects  generally 
raise  it  when  alarmed  or  angry.  This  attitude  has  obtained,  for  the  insects 
figured  above,  the  appropriate  name  of  Cocktails,  The  derivation  of  their  other  vulgar 
denomination,  DmCa  Ooaeh^horteSf  is  not  so  clear.  The  larvae  are  very  similar  to  the 
perfect  insects,  both  in  appearance  and  habits.  Many  of  them  feed  in  carrion ;  others  in 
rotten  wood,  and  other  decaying  vegetable  matters.  The  number  of  joints  in  the  tarsi 
varies  greatly,  but  five  is  the  prevalent  number. 

In  the  two  following  tribes,  which  close  the  series  of  Coleopterous  insects,  the  outer 
lobe  of  the  maxillse  is  jointed  and  palpiform,  so  that  these  insects  appear  to  have  six 
palpL    They  are  pre-eminently  carnivorous  and  rapacious  in  their  habits. 

The  former,  constituting  the  tribe  Hpdradephaffa,  are  characterized  by  their  some- 
what flattened  oval  body,  and  by  having  the  legs,  especially  the  hinder  pair,  compressed 
and  fringed  with  bristles,  so  as  to  become  powerful  paddles.  Many  of  these  insects 
are  of  considerable  size,  the  Dytieut  marginalis  (Fig.  281),  a  species  very  common  in 
ponds,  attaining  a  length  of  more  than  an  inch ;  whilst  many  foreign  species  are  much 
larger.  The  Lurva  is  of  an  elongated  form,  tapering  towards  the  tail,  which  bears  a 
pair  of  tabular  ciliated  appendages,  which  the  creature  applies  to  the  surface  of  the 
water  to  obtain  a  supply  of  air  for  its  respiration.  It  is  as  predaceous  as  its  parent, 
seizing  upon  other  aquatic  larvae  with  its  long  curved  mandibles,  and  quickly  sucking 
the  juices  out  of  the  body  of  its  victim.  These  mandibles  are  perforated  throughout, 
and  it  is  through  these  tubes  that  the  larva  sucks  its  nourishment.  When  about  to 
change  to  the  pupa  state,  the  larva  burrows  into  the  bank  of  its  native  pond,  and  there 
undergoes  its  transformations.  The  well-known  Qyrini^  or  TrAtr/t]^?^^^— little  black 
Beetles,  which  may  be  seen  describing  circles  upon  the  surface  of  any  piece  of  water- 
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are  also  placed  inthiB  tnbe,  although  their  daim  to  auoh  a  positioa  is  rather  doubtfoL 


Fig.  281.— ByticoB  marginalia. 


;  B,  perfect  insect. 


Fig.  282.— Carabns. 


The  insects  of  the  last  tribe,  the  Geodvphaga^  resemble  those  of  ike  preeedilk^  group 
in  their  carnivorous  propensities,  and  in  the  structure  of  their  mouths ;  but  their  legs 
are  always  constructed  for  terrestrial  progression.  They  are  e^seeedingly  actrre,  aad 
often  beautifi]!  insects ;  generally  nocturnal  in  their  habits,  conceaiing  themadyes 
during  the  day  under  stones  and  in  holes  in  the  ground.  Ths  IsmB  are  elongated, 
flattened,  and  usually  covered  with  a  homy  integument.  In  their  predaoeous  habits 
they  resemble  the  perfect  insects. 

The  insects  of  <me  family,  the  OMndeUda^  which  hate  received  the  aatte  of  Tiger- 
beetles,  fiom  their  eanflteVLtly  predftceons  propefirities,  atte  move  dhdnal  in  their  habits 
_  than  the  rest  of  the  tribe ;  Htfe  eomtbcm  Eaglkdi  specoes, 

(Xeindda  dtrnpeitria  (Fi^.  389))  miiy  be  found  flying 
and  running  about  with  great  agility  in  the  hottest 
Hmnshiiie.  This  iaseotis  of  A  beautiAil  green  colour, 
with  whitish  spots ;  and  its  mouth  is  armed  with  a 
most  formidable  pair  of  sharp,  toothed  jaws.  Ike 
larvss  aM  of  a  singular  ioem ;  they  live  in  holes  in  the 
ground,  maiotaiiiiiig  themselves  by  meaas  of  a  pair  of 
hooks  plftfted  on  tiie  enlarged  eighth  segment  of  their 
body,  at  such  a  height  that  their  heads  exactly  oeoupy 
the  mouth  of  the  hole.  Here  they  lie  in  Wait  for  their 
X..    ««»    ^.  .  ^  ,  ^         P^y>  ''^Woh  eonaiBts  ef  other  larrw ;  aad  the  moment 

Fig.  283.-Cicmdela  campcstria.        .  ^^  ^^  ^^  approaiAes  their  d^  tiiey  rash  upon  it 

witti  the  greatest  fferocky,  &6A  bear  it  off  in  their  jaWs. 


DIVISION  IV.-MOtLUSGA. 

Qtnmxtd  Chaxactenu — ^The  Kollusoous  division  of  animals  consists  of  crea- 
tures whose  bodies  are  universally  of  a  soft  consistence.  Thoy  are  inclosed  within  a 
soft,  flexible  skin,  called  the  mantle^  which  possesses  great  contractile  power;  and  their 
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motions  are  principally  pericrmed  hj  tibe  extension  and  contraction  of  part  of  their 
substaaee.  The  synunetiical  arrangement  of  all  tbe  organs  on.  each  side  of  a  central 
line,  so  remarkable  in  the  preceding  division,  here  almost  disappears,  or  is  only  recog- 
nizable in  the  position  of  the  organs  of  sense  attached  to  the  head.  The  nerrous 
system  ocmsiAtB  wither  of  a  single  ganglion,  giving  off  filaments  to  the  yanoas  organs  of 
the  body,  or  of  several  ganglia,  placed  somewhat  irregularly  in  different  parts  of  the 
body,  commnnieating  by  neryous  threads  with  a  larger  mass  placed  in  the  head,  or  in 
the  nai^bourhood  of  the  cesophagos.  This  mass  consists  of  seyeral  gan^a,  of  which 
the  more  important,  constitating  the  brain,  are  placed  abore  the  oMojdiagttS^  These  are 
generally  acoompanied  by  other  ganglia  placed  below  that  organ,  which  are  united  by 
filaments  with  the  supraoesophageal  ganglia,  or  brain ;  thus  forming  a  ring  surrounding 
the  oBophagus.  The  supraoesophageal  ganglia  furnish  the  nerres  to  the  special  organs 
of  senae  placed  upon  the  head.  The  gax^lia  behmging  to  the  different  organs  of  the 
body  communicate  with  the  ring  suzroimdnig  the  cesophagus. 

Most  of  the  MoUusca  possess  special  organs  of  touch,  in  the  shape  of  tentacles,  arms, 
or  lobes,  situated  on  the  head  or  in  the  neighbourhood  of  the  mouth,  or  of  cirri  upon 
other  parts  of  the  body.  In  addition  to  these  organs,  the  skin,  which  is  always  soft^ 
appears  to  possess  great  sensibility.  The  tentacles  of  the  MoUusca  are  either  two  or 
four  in  number  ;  they  are  capable  of  being  completely  retracted  into  the  head  by  a 
process  very  similar  to  the  turning  in  of  the  finger  of  a  glove,  and  are  again  exserted 
by  reversing  the  process.  The  eyes,  when  present,  are  two  in  number,  sometimes 
placed  immediately  on  the  head,  sometimes  supported  at  the  extremity,  or  on  the  sides, 
of  the  tentacles.  In  the  highest  class  the  visual  organs  attain  a  perfection  equal  to  that 
exhibited  by  the  fishes, — ^the  lowest  class  of  vertebrated  animals. 

In  some  of  the  lower  MoUusca  small  coloured  points  are  met  with,  sometimes  singly 
in  the  neighbourhood  of  the  brain,  sometimes  in  considerable  numbers  on  the  edges  of 
the  mantle.  These,  fix)m  their  structure  and  appearance,  have  received  the  denomination 
of  oeelH,  and  have  been  regarded  as  rudimentary  eyes, — a  determination  which,  although 
it  may  be  correct  in  some  instances,  is  very  doubtful  in  others.  It  is  remarkable,  also, 
that  many  species,  which  are  quite  destitute  of  eyes  when  arrived  at  their  mature  form, 
are  furnished  with  those  organs  at  their  first  issuing  irom  the  egg. 

Auditory  organs  appear  to  be  possessed  by  nearly  all  the  Jfo/- 
lusea.  They  usually  consist  of  small  vesicles  placed  close  to  the 
cephalic  ganglia,  containing  a  clear  fluid  and  a  small  calcareous 
concretion  {otolithe)^  which  is  sometimes  of  a  roundish,  sometimes 
of  a  crystalline  figure,  and  is  in  a  perpetual  state  of  vibration. 
The  senses  of  smell  and  taste  also  appear  to  be  exercised,  to  a 
certain  extent,  by  most  of  these  animaJli ;  but  whether  any  organs 
specially  devoted  to  these  functions  ^ally  exist^  must  still  be 
considered  doubtful. 

The  movements  of  the  MoUusca  are  generally  executed  by 
means  of  a  muscular  organ,  called  the  foot^  which  varies  greatiy 
in  its  form,  in  accordance  with  the  habits  of  the  creature.  The 
foot  consists  of  a  mass  of  muscular  fibres,  running  in  various 
directions,  by  the  contraction  of  which  its  movements  are  effected.  Fig.  284.  —  Conns 
In  a  great  number  of  MoUusca  the  foot  fbrms  a  flat  disc  (Fig.  ®  raicus. 

284),  which  adheres  to  any  substance  to  which  it  may  be  applied,  and  thus,  hy  the 
altemate  contraction  and  dilation  of  its  different  parts,  enables  its  possessor  to  crawl 
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slowly  along.    In  others,  the  foot  is  bent  upon  itself,  so  that  its  sadden  extension 
causes  the  animal  to  perform  a  considerable  leap.    The  foot  is  also  the  agent  by  means 

of  which  the  burrowing  species  bury 
themselves  in  the  sand  or  nlud ;  and 
in  the  species  whose  instincts  lead 
them  to  bore  into  the  solid  rock,  it  is 
also  called  into  requisition :  its  sur- 
face in  these  cases  being  covered 
with  minute  silicious  particles,  which 
assist  greatly  in  the  enlargement  of 
its  owner's  stony  dwelling.  But 
Fig.  285.-Pmna,  with  its  byssus.  although    most  Mollusea   possess   a 

greater  or  less  power  of  motion,  others  are  confined  to  a  single  spot,  during  all  but  the 
earliest  period  of  their  existence.   These  have  no  occasion  for  a  foot,  and  in  them  this 


Hg.  286.— Octopus  Hawaienris. 
organ  is  cither  wholly*  undeveloped  (as  in  the  oyster),  or  serves  merely  to  support  a 
glandular  organ,  from  which  a  silky  matter  (called  the  byssut)  is  secreted,  which  servctf 
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to  attach  the  animal  to  submarine  objects.  This  modification  occurs  in  the  common 
Mussel  {Mytilua  edulis)  ;  but  it  is  still  more  remarkable  in  the  Pinna  (Fig.  285),  in 
which  the  silky  matter  is  of  a  very  fine  texture,  and  so  abundant  that  it  is  woven  into 
small  articles  of  wearing  apparel,  such  as  gloves  and  stockings. 

In  the  highest  class  of  Mollusca,  the  Cephalopodaf  the  mouth  is  surrounded  by  a 
variable  number  of  arms  (Fig.  286),  which  not  only  serve  as  organs  of  motion,  but  for 
the  capture  of  prey.  To  render  these  efficient  prehensile  organs,  they  are  covered  on 
the  inner  surface  with  numerous  cup-like  sucking  organs. 

The  intestinal  canal  in  the  MoUusea  presents  almost  every  variety  of  form,  from  a 
simple  cavity  to  a  complicated  intestine.  It  is,  however,  always  furnished  with  two 
openings,  a  mouth  and  an  anus,  the  latter  being  frequently  situated  on  the  side  of  the 
body,  not  far  from  the  anterior  extremity.  The  Hver  is  always  of  great  size,  generally 
enveloping  all  the  other  intestines. 

The  circulation  of  the  blood  is  effected  by  means  of  a  distinct  heart,  which  usually 
communicates  with  a  regular  vascular  system ;  but,  in  some  instances,  the  circulafion 
takes  place  in  a  system  of  sinuses  or  cavities  amongst  the  organs  of  the  body.  In  the 
former  case  the  heart  is  often  composed  of  two  or  more  chambers,  from  which  large 
arteries  arise  to  convey  the  blood  to  the  various  organs.  It  is  again  collected  in  tbe 
veins,  through  which  it  passes  to  the  neighbourhood  of  the  respiratory  organs,  where 
it  is  aerated  by  contact  with  the  surrounding  medium,  and  then  passes  to  the  heart. 
As  most  McUusca  are  aquatic  in  their  habits,  their  respiration  is  almost  always  effected 

vb 
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Fig.  287.— Organs  of  circulation  and  respiration  in  the  Cattle  Fish  (Sepia), 
c,  heart ;  as^  superior  artery ;  a,  ventral  artery,  \vith  its  branches  av ;  re,  principal  vein,  or 
vena  cava ;  cb^  branchial  hearts ;  6r,  branchire  ;  »6,  branchial  vein ;  6u,  bulb  of  branchial 
vein;  a6,  branchial  arteries ;  w^  ventral  veins. 

by  means  of  branehiaB  (Fig.  287).  These  are  usually  composed  of  a  series  of  minute 
lamiiioB,  or  of  broad  plates,  over  which  the  water  flows.  They  are  sometimes  attached 
to  the  surface  of  the  body,  but  generally  inclosed  within  the  mantle,  or  placed  in  a 

Digitized  by  V^OOQIC 


414 


SHELLS  OV  MOLLUSCA. 


Gavitj-  m  its  mterior,  called  the  brtmohial  or  rtipi/ratofy  chamber.  The  wst^  neoessary 
for  respimtion  is  sometimes  drawn  into  tins  cavity^  and  agam  eicpelled  hf  mJaseular 
oontuaGtioTi.  In  tiiis  case  its  reeoil  freqnentij  serves  to  drive  the  animai  slowly 
through  the  water,  and  some  species  swim  with  great  rapidity  in  this  manner.  In 
other  cases,  the  inner  walls  of  1d^  canals^  through  whiek  the  water  passes,  are  tined  with 
cilia,  by  the  action  of  which  a  oonstaat  eiurent  is  kept  np.    l^ot  im&equently  these 


fig.  asS.^PsamiiMbis,  with  long  sipboiis. 

canals  are  drawn  out  into  tubes  (Fig.  288),  called  siphons,  wHob  are  often  of  great 
length  in  the  burrowing  species. 

The  air-breathing  species,  of  wbicb  the  common  Snails  and  Slugs  are  well-known 
examples,  are  ftimished  with  a  pulmonary  sac'br  lung,  into  which  the  air  penetrates ; 
and  where  it  comes  in  contact  with  the  blood  contained  in  the  numerous  vessels  with 
which  the  walls  of  the  sac  are  supplied.  Many  of  these  aTiimals  live  in  water ;  but 
they  are  compelled  to  come  to  the  surface  to  breathe ;  and  all  of  them  appear  to  require 
a  moist  atmosphere. 

Most  of  the  MoUusea  are  protected  by  a  hard  calcareous  covering  or  shell,  which  is 
secreted  by  the  mantle,  and  is  gradually  increased  in  size,  in  proportion  to  the  growth 
of  the  animal.  In  many  this  is  composed  of  a  single  piece  (Fig.  289),  which  is  usually 
a  spiral  tube,  gradually  increasing  in  size  towards  the  open  extremity,  from  which  the 
animal  protrudes  itself  when  in  action.  Shells  of  this  description  are  called  univalves. 
In  others  the  shell  is  composed  of  two  pieces  or  valves  (Fig.  290),  attached  to  each  other 


Fiif.  289.— Univalve  Shell  (Trochus).  Fig.  290.— Bivalve  SheU  (Pectoncuius;. 

at  one  pomt  by  a  hinge,'which  is  usually  ftimished  with  an  elastic  Hgament,  serving  to 
open  the  valves,  when  the  tension  of  peculiar  muscles,  whose  office  it  is  to  keep  the 
sheU^closed,  is  removed.    This  is  dwiominated  a  bivalve  shell.    These  fifferences  in  the 
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stmctare  of  the  skell  cMTdspond  with  differeBfies  in  the  coiifi»:mati(»i  of  the  animals. 
The  bi^ye  jyMiuscn  exhibit  no  teaoes  of  any  distinct  head ;  whilst,  in  the  uniTalyes, 
this  part  of  the  body  is  well-marked,  and  usually  furnished  with  special  organs  of 
sense  (tentacula,  eyes,  &c.) 

The  older  naturalists  also  recognised  a  group  of  multiyalye  shells,  or  shells  composed 
of  seyeral  yalyes.  The  majority  of  these  belonged  to  the  Cirrhopod  order  of  Crustacea 
(page  296),  which  were  regarded  as  MoUusca  by  the  earlies  obsery^rs.  The  Pholades, 
howeyer,  which  in  other  respects  are  true  biyalye  MoUmca,  are  fiuni^hed  with  a  pair 
of  accessory  plates  in  the  neighbourhood  of  the  hinge ;  whilst  the  Chitons  (Fig.  291), 
a  smaU  but  singular  group  of  MoUusoay  nearly 
allied  to  the  uniyalye  Lkopets,  haye  an  oyal 
shell  composed  of  eight  moyeable  plates,  which 
giye  them  a„  great  resemblance  to  enormous 
Woodlice';  and  they  haye  been  regarded  aa 
forming  a  s<»rt  of  tnuisition  towards  the  Arti- 
culated Diyision.  ^^«'  291.— Chiton  (side  ^ew). 

Many  MoUusca  are  not  furnished  with  a  shell,  or  haye  only  a  small  calcareous  plate 
inclosed  witiiin  the  manfle.  These  are  called  naked  MoUusca  i  but  it  is  remarkable  that 
most  of  tJliem  are  proyided  with  a  small  shell  at  their  first  quitting  th^  egg.  In  the 
sheU-bearnig  or  testaceous  MoUusea,  this  embryonic  sheQ,  which  often  differs  greatly  in 
shape  and  texture  from  the  shell  of  the  mature  animal,  forms  the  commencement  of 
tiie  latter,  additions  being  constantly  made  to  its  free  edge  by  the  sedsretion  of  calcareous 
matter  at  the  edge  of  tiie  mantle. 

Shell  consists  principally  of  carbonate  of  lime,  witli  a  small  quantity  of  animal' 
matter.  The  calcareous  matter  is  deposited  in  the  cells  of  the  edge  of  the  mantle, 
which  are  in  contact  witli  the  free  margin  of  the  shell.  In  these  it  gradually  increases 
in  quantity,  tmtiltiiey  harden,  and  become  attached  to  the  preyious  shell  formation. 
In  this  manner,  as  the  animal  continues  growing,  these  attached  p<»rtions  of  the  mantle 
are  thrown  off,  and  left  behind ;  and  it  is  usually  only  at  the  margin  of  the  shell  that 
the  deposition  of  new  shelly  matter  is  effected.  The  delicate  membranous  part  of  the 
mantle,  which  lines  the  interior  of  that  part  of  the  shell  inhabited  by  the  animal, 
has,  howeyer,  the  power  of  secreting  a  thin  layer  of  shelly  matter  upon  the  inner 
surface.  This  is  frequently  of  a  pearly  lustre ;  and  in  many  biyalyes  a  new  layer 
of  this  substance  is  deposited  at  the  same  time  that  the  size  of  the  shell  is  increased  by 
additions  to  its  margins, — ^for,  it  must  be  obseryed,  that  the  formation  of  new  shell  is 
not  constantly  going  on,  but  appears  to  be  subject  to  periodical  interruptions,  indicated 
by  lines  on  the  surface  of  the  shell ;  these  are  called  lines  of  growth.  In  many  cases 
the  margin  of  the  mantle,  instead  of  being  eyen,  presents  lobes  or  tubercles,  which 
produce  corresponding  irregularities,  ribs,  tubercles,  or  spines,  on  the  surface  of  the 
shell  (Fig.  292).  In  this  manner,  as  the  spines  and  other  projections  are  usually 
formed  at  the  mouth  of  the  shell,  at  the  close  of  each  period  of  growth,  the  surface  of 
the  shell  becomes  more  or  less  coyered  with  a  series  of  these  prominences,  eack  of 
which  indicates  the  conclusion  of  a  period  of  increase.  When  these  spines  stan^  in 
the  way  of  the  further  growth  of  the  shell  the  creature  is  able  to  remoye  them, 
probably  by  the  action  of  some  solyent  fluid. 

The  shell  is  almost  always  coated  with  a  layer  of  animal  mattor  (the  epidermis),  of 
greater  or  less  thickness.  It  is  of  a  homy  consistence,  and  seryes  to  protect  the  shell 
from  the  action  of  the  carbonic  acid,  which  is  often  dissolyed  in  great  quantity,  espe- 
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ciallv  in  fresh  water.  It  is  in  fresh- water  shells  that  this  layer  of  epidermis  attains 
its  gpreatest  development,  and  the  colours  of  these  wre  generally  due  to  it.  In  many 
places,  hpwever,  the  epidermis  is  an  insu£^cienjt  protection  against  the  corroding  action 
of  the  water,  which  often  eats  deeply  into  the  suhstance  of  the  shells  of  the  MoUusea 

which  make  it  their  habitation. 

Sexual  reproduction  prevails 
amongst  the  MoUusca ;  and  it  is 
only  in  the  lowest  forms  that 
we  meet  with  gemmiparous  pro- 
pagation. The  sexes  aro  gene- 
rally on  separate  individuals; 
but  hermaphrodism  is  not  un- 
common. Nearly  all  these  ani- 
mals are  also  ti-uly  oviparous, 
although  a  few  produce  living 
offspring ;  the  07a  being  retained 
iii  the  oviduct  until  the  exclu- 
sion of  the  young  animals.  The 
eggs  vary  greatly  in  form.  They 
are  sometimes,  as  in  the  Land- 
snails,  laid  separately,  each  in- 
closed in  a  shell  of  variable  con- 
sistence ;  but  in  most  cases  they 
are  agglutinated  together  into  a 
mass,  which  sometimes  tekes  the 
form  of  a  ribbon,  attached  by 
one  of  its  edges  to  some  sub- 
marine body.  In  some  marine 
species  the  eggs  aro  inclosed  in 
leathery  capsules,  which  ore  often  united  to  form  a  large  mass.  Each  capsule  contains 
numerous  eggs. 

The  young  MoUusk,  whilst  still  in  the  e^^y  is  almost  always  furnished  with  a 
delicate,  pellucid  shell,  even  when  it  is  ultimately  to  be  naked.  In  this 
case  the  embryonic  shell  is  cast  soon  after  the  young  animal  makes  its 
escape  from  the  egg.  The  young  of  the  sedentary  species,  also,  are 
active  at  this  stage  of  their  existence,  swimming  freely  about  in  the 
water,  until  they  select  some  spot  in  which  to  take  up  their  permanent 
abode. 

Divisions. — Although  these  are  the  general  characteristics  of  the  Fig.293.— Kjrgof 
animals  belonging  to  the  Molluscous  division,  those  forming  the  two  ule^mbryou*^ 
first  classes,  the  Bryozoa  and  the  Tunicata,  and  especially  the  former, 
differ  from  the  other  MoUusca  in  so  many  respects,  that  they  have  been  formed  into  a 
separate  subdivision,  the  Molluscoids.  They  are  distinguished  from  the  tnie  Mollusca^ 
by  the  very  low  development  of  the  nervous  system,  which  is  composed  only  of  a  single 
ganglion,  placed  in  the  neighbourhood  of  the  oesophagus,  and  giving  off  nerves  in 
various  directions.  Of  these  two  classes,  the  Bryozoa  arc  characterized  by  the  presence 
of  tentacular  organs  in  the  neighbourhood  of  the  mouth,  whilst  the  Tunicata  are  desti- 
tute of  such  organs. 


Fig.  292.— Morex. 
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Sub-division  I. — Molluscoida. 
Class  I. — ^Bryozoa, 

Oeneval  Chazacten. — The  class  of  Bryozoa  is  composed  of  small  animals,  which 
always  grow  together  upon  a  common  stock,  in  the  same  manner  as  the  compound 
Polypes,  with  which  they  were  formerly  arranged.  !l6ach  animal  resides  in  a  separate 
cell,  within  which  it  can  usually  retract  itself  entirely ;  the  cells  are  sometimes  soft 
and  flezihle,  sometimes  homy,  and  sometimes  calcareous.  They  frequently  stand  upon 
short  footstalks,  rising  from  a  tubular  stock,  which  creeps  overlie  surfisuie  of  stones  and 
aquatic  plants,  in  the  same  way  as  the  homy  stems  of  many  of  t|ie,}iydroid  polypes.  In 
other  cases  the  cells  are  sessile,  forming  a  crust  upon  submarine  objects,  whilst  in 
others  the  colony  is  attached  only  by  its  base,  with  the  opposite  extremity  floating 
freely  in  the  water.  In  these  the  stock  is  more  or  less"*  branched,  and  often  leaf- 
Kke. 

The  ceUs  are  in  general  partially  free ;  but  in  some'of  the  stony  species  they  form  a 
calcareous  mass,  presenting  some  resemblance  to  the  true  Corals,  from  which,  however, 
they  may  always  be  distinguished  by  the  absence  of  the  calcareous  partitions  which 
the  latter  invariably  exhibit.  In  some  species  the  cells  are  closed  by  a  cover  when  the 
animal  is  withdrawn ;  but  this  protection  is  generally  wanting ;  and  in  the  species  with 
flexible  cells,  the  complete  retraction  of  the  animal  draws  in  the  edges  of  the  cell, 
which  then  close  the  aperture  entirely.  The  interior  of  the  cell  is  lined  by  the  skin  of 
the  animal,  and  the  cavity  of  the  body  is  flUed  with  fluid,  in  which  the  intestinal  canal 
floats  freely.  It  also  contains  the  muscles  by  which  the  animal  protrudes  and  retracts 
itself. 

The  fluid,  which  is  jferfectly  clear  and  transparent,  is  kept  in  constant  motion 
by  the  action  of  cilia,  with  which  the  inner  surface  of  the  cavity,  and  the  outer  surface 
of  the  intestine,  are  covered ;  and  this  movement,  which  extends  into  the  tube  of  the 
common  stock,  is  interesting  to  the  naturalist,  as  it  is  apparently  equivalent  to  » true 
circulation  of  the  blood. 

The  most  characteristic  peculiarity  of  the  Bryozoa  is  their  possession  of  ciliated 
tentacula  placed  at  the  anterior  extremity  of  the  body.  By  the  action  of  the  cilia  a 
sort  of  vortex  is  produced  in  the  water,  by  which  the  minute  animals  that  constitute 
the  food  of  the  creature  are  carried  down  into  the  mouth,  which  is  placed  between 
them. 

These  tentacles  probably  serve  also  as  respiratory  organs,  as  they  commTmicate 
at  their  bases  with  the  general  cavity ;  and  the  fluid  with  which  this  is  filled  appears 
to  circulate  in  the  tentacles  by  ciliary  action.  The  mouth  leads  into  a  muscular  oeso- 
phagus, below  which,  nearly  at  the  bottom  of  the  cavity  of  the  body,  the  stomach  is 
situated.  The  intestine  springs  from  the  upper  part  of  the  stomach,  near  the  point 
where  the  oesophagus  enters,  and  leads  to  an  anal  opening,  situated  just  below  the 
tentacula.  These  parts  are  well  shown  in  the  engraving  (Fig.  294),  which  affords  a 
good  illustration  of  the  subject 

The  colonies  of  the  Bryozoa  are,  of  course,  increased^by  gemmiparous  reproduction ; 
but  the  establishment  of  new  colonies  takes  place  by  the  ordinary  mode  of  propagation 
by  ova ;  and  it  is  somewhat  singular  that  in  these  sedentary  animals  the  sexes  are 
frequently,  if  not  always,  on  separate  individuals.    The  sexual  organs  are  attached 
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either  to  the  surface  of  the  intestme  or  to  the  inner  wall  of  the  cavily  of  the  body.    They 

are  seen  at  the  bottom  of 
the  stomach  in  the  cen- 
tral individual  of  the 
group  figuMd  (Fig.  294). 
.  The  contents  of  these 
organs  (ova  and  sperma- 
tozoa) appear  to  be  set 
free  in  the  Cavity  of  the 
body,  where  they  are 
carried  from  place  to 
place  by  the  currents  of 
the  nutritive  fluid,  and 
in  this  manner  come  in 
contact.  The  impreg- 
nated eggs  escape  into 
the  water  through  a 
minute  aperture  placed 
close  to  tiie  anus.  The 
embryo  breaks  out  of  the 
egg  in  the  form  of  a  cili- 
ated animalcule,  which 
swims  about  for  some 
time  without  change. 
It  then  becomes  -cui>- 
shaped,  and  by  decrees 
teoitooles  make  li^eir  appeanuice  at  its  upper  margin,  when  the  little  creature  fixes 
its^  by  its  lower  eaetremity,  and  becomes  a  simple  Bryozoon.  The  changes  which 
the  Bryozoon  undergoes,  are  curious.  It  soon  begins  to  form  buds  at  its  base,  or  gives 
off  a  creeping  stem  from  which  these  arise  at  intervals ;  and  in  this  manner  a  new 
colaiiy  is  formed.  In  some  cases  the  devdopment  of  the  embryo  presents  very  remark- 
able phenomena.  A  ciliated  embryo  is  produced  in  each  egg ;  and  in  the  interior  of  this, 
whilst  still  inclosed  in  the  egg,  two  little  Bryozoa^  furnished  with  tentacula,  make  their 
4i(^e«ranoe.  The  embryo  then  makes  its  escape,  swims  about  for  a  tune,  and  then 
attaches  itself,  when  the  little  creatures  inclosed  in  it  break  out,  and  lay  the  foundation 
ef  a  new  colony. 

JHvisfto&s. The  Bryozoa  form  two  very  distinct  orders.    In  the  InfimdihtikUa, 

ihe  animals,  which  are  all  marine,  are  characterized  by  having  the  tentacles  placed  in  a 
cirde  round  the  mouth  (Fig.  295) ;  whilst  in  the  Lophopoda,  which  inhabit  fresh  water, 
<fliese  organs  are  situated  upon  two  arms  given  off  from  the  sides  of  the  body  (Fig.  294). 

Obi>£&  I. — Infundibulata. 
The  common  Flustra,  or  Sea-mats,  so  abundant  on  oiar  shores,  «re  wtSl  known 
examples  of  this  order.  They  are  flat  and  foliaceous  in  Ihcir  form,  preeeB^iBig  «  consi- 
derable resemblance  in  appearance  to  pale  brown  sea-weeds,  with  whkiL  tiiey  tnce  in 
fact  generally  confounded  by  sea-side  visitors.  But  when  cacetftiUy  eKaniasd,  tiiese 
leaf-like  bodies  will  be  found  to  consist  of  a  multitudiB  of  email  homy  ceHs,  \ 


Fig.  294-— Pliamtella, 

a,  a  group  of  the  natural  size ;  *,  three  incliTiduals  magnified ;  <r,  anus. 

The  indivicual  on  the  left  is  completely  retracted  within  its  cell ;  f^t 
in  the  miadle  is  seen  liom  behind,  and  that  on  the  nght  from  ttic 
side. 
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tke  Bur&oe ;  Aad  from  each  of  i^iese,  wLen  the  pdypidom  if  placed  alive  la  a  yemtH  of 
aea-watQ(r,  ike  little  ereatures  may  be  aeeii  protnidioig  their  teniaolea.  Many  neadj  lUjed 
species  grow  upon  the  fronds  of  lea- weeda,  oyer  which  they  spread 
like  a  thin  eoating  of  gauze»  composed  of  similar  cells,  opening  .,   ^.    rif    'X 

(^  course  only  on  one  side.  Others  are  found  incrustiag  stones  ^  ', 
and  other  submarine  bodies  with  a  cellular  calcareous  mass. 
In  many  species  the  ceUs  are  arranged  so  as  to  form  a  more 
or  less  thread-like,  branching  polypidom ;  whilst  others  are  fur- 
nished with  a  creeping  root,  from  which  the  cells  rise  by  J9tems  of 
greater  or  less  length. 

Some  of  the  marine  Brjfozoa  possess  singular  organs,  the  use 
of  which  has  not  yet  been  satis&ctorily  made  out.  These  are 
attached  to  the  polypidom,  and  from  their  close  resemblance  in 
form  to  the  head  ^«  UrA,  taw  veoemd  ti^  mom  «f  Jtmidarm, 
They  consist  of  a  larger  ii|^er  and  a  finsller  lamet  pieee ;  the 
latter  being  movcably  articulated  to  its  fellow ;  and  the  whole  is 
frequently  attached  to  the  polypidom  by  a  ^ort  footstalk.  These 
organs  are  constantly  in  motion,  and  at  the  same  time  ^  two 
pieces  frequently  separate  and  close  again,  with  a  snapping  moye- 
mcnt,  exactly  like  that  of  a  bird's  bill. 

Oudke  n.— Lophopo©a. 
In  tiu8  order,  composed  of  inhaUtants  of  fredi  water,  the  Flf.«W.-»e«wft)ankia. 
tentacles,  wldeh  are  meie  mzmerotis  thaa  in  dM  preceding,  ^'^iSSTX^uW''  ^  ^ 
are  placed  upon  a  pair  of  kmg  arms,  whicii  flpnag  from  tike 
sides  of  the  upper  extremity  of  the  animal,  and  usually  describe  somewhat  the  form 
of  a  horse-shoe  (Fig.  294).  Their  cells  are  usually  of  a  leathery  texture,  nearly 
transparent,  and  usually  spring  from  a  rootstock  of  similar  consistence,  which  precps 
along  upon  the  surface  of  stones  or  aquatic  plants,  in  which  situations  these  animals 
are  not  uncommon.  In  some  species,  howeyer,  the  polypidom  floats  freely  in  the  water 
{Oristatella),  and  is  of  a  gelatinous  consistency ;  in  these  the  fl-pimala  composing  each 
colony  arc  usually  three  or  four  in  number. 


Class  II. — ^Tunicata. 

General  CliazactexB.-— The  animals  forming  the  class  Tunieata,  generally  present 
the  appearance  of  shapeless  gelatinous  masses.  They  are  composed  of  two  tunics ;  an 
outer,  the  mantle,  and  an  inner  timic,  which  lines  a  large  respiratory  cavity.  These 
tunics  are  continuous  at  the  extremities  of  the  body,  where  there  are  large  openings ; 
and  the  animal  thus  constitutes  a  tube,  furnished  with  double  walls,  which  are  usually 
separated  by  a  considerable  space  (Fig.  296).  In  the  numerous  compound  Twiicata  we 
End  a  modification  of  this  structure.  The  animals  forming  one  of  these  colonies  are 
usually  imited  by  their  mantles,  which  form  a  more  or  less  gelatinous  mass,  in  which 
the  individual  animals  appear  to  be  imbedded.  In  many  of  these  the  body,  or  at  all 
events  the  respiratory  chamber,  is  bent  round ;  so  that  the  incurrent  and  excuixent 
orifices  are  brought  to  the  same  extremity  of  the  body.  In  others  the  posterior 
apertures  of  several  animals  lead  into  a  common  canaL 
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The  outer  tunic,  which  is  composed  wholly  or  in  great  part  of  a  substance  apparently 
identical  with  the  woody  fibre  of  plants,  is  usually  of  a  tough  or  somewhat  cartUagmous 
texture.  The  inner  tunic  is  frequently  furnished  with  a  yariable  number  of  muscular 
bands,  by  means  of  which  the  internal  cayity  is  contracted  so  as  to  expel  the  water 
which  has  entered  for  the  purpose  of  respiration.  The  space  between  these  tunics  is 
occupied  by  a  system  of  sinuses,  through  which  the  blood  circulates. 

The  water  usually  enters  the  respiratory  chamber  by  the  anterior  orifice,  and  is  then 
expelled  by  the  posterior.  In  the  fr«e-swimming  species  this  expulsion  of  the  water 
constitutes  the  only  means  of  locomotion  possessed  by  the  animal,  which  progresses 
slowly  in  the  direction  opposed  to  the  stream  of  water.  The  [respiratory  function 
appears  to  be  performed  to  a  great  extent  by  the  lining  membrane  of  the  respiratory 
chamber ;  but  the  animals  are  also  furnished  with  true  branchise,  which  present  two 

r  h'  m 


Fig.  296.— Salpa. 

A,  anterior  orifice ;  p,  posterior  orifice ;  /.  intestinal  sac ;  c,  heart ;  br,  branchial  chamber ; 
m,  muscular  oands ;  n,  ganglion. 

different  forms.  In  the  Salpa  (Fig.  296),  the  branchia  constitutes  a  flat  or  roundish 
band  running  through  the  respiratory  chamber,  furnished  with  cilia  on  its  sides; 
in  the  other  TunicatUj  the  branchial  cavity  contains  a  loose  network  formed  of  ciliated 
filaments,  crossing  each  other  at  right  angles. 

The  intestinal  canal  is  situated  near  the  posterior  part  of  the  cavity  of  the  body, 
opening  by  a  simple  mouth  from  the  upper  part  of  that  cavity.  The  mouth  leads  into  a 
winding  intestine,  which  again  opens  by  another  aperture  into  the  respiratory 
chamber. 

The  heart  is  usually  placed  in  the  neighbourhood  of  the  digestive  organs ;  it  is  of  a 
somewhat  tubular  form,  and  the  blood  is  set  in  motion  by  a  gradual  contraction  of  its 
walls  from  one  end  to  the  other.  In  their  circulation,  if  circulation  it  may  be  called, 
the  Tunieaiaexinbit  a  remarkable  difference  from  all  other  animals.  The  blood  does  not 
circulate  always  in  the  same  direction  ;  but  after  a  certain  number  of  pulsations  in  one 
direction  the  heart  rests  for  a  time,  when  its  contractions  commence  anew  in  the  oppo- 
site direction,  so  that  the  blood  really  ebbs  and  flows. 

The  nervous  system  consists  of  a  single  large  ganglion,  placed  towards  the  anterior 
part  of  the  animal,  at  its  lower  surface.  Close  to  this  is  placed  a  vesicle  containing 
otolithes,  and  therefore  probably  an  auditory  organ;    although,  from  the  presence 
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of  pigment  spots  upon  the  otolithes,  it  has  been  regarded  as  an  eye  by  many 
observers. 

The  Tunieaia  are  all  hermaphrodites ;  and  it  appears  probable  that  some  of  them,  at 
any  rate,  are  self-impregnating.  The  male  and  female  organs  have  been  detected  in 
many  species  at  the  posterior  extremity  of  the  body,  near  the  digestive  system ;  but 
the  former  have  been  described  as  a  liver.  Besides  sexual  reproduction,  however, 
many  of  these  animals  propagate  by  gemmation,  some  forming  compound  colonies, 
whilst  others  exhibit  a  regular  "  alternation  of  generations." 

Divisions. — The  Tunteata  have  been  divided  into  two  orders,  characterised  by 
differences  in  the  form  of  their  respiratory  apparatus.  The  Ascidito  have  the  branchial 
organ  composed  of  a  network  of  square  meshes ;  whilst  in  the  Biphora  it  consists  of  a 
band  running  through  the  branchial  chamber. 

Ordeb  I. — ^ASCIDUE.  ^ 

^  General  Cliazacters. — This  order  consists  entirely  of  animals  which  are  either 
attached  by  the  base  to  submarine  objects,  or  united  together  in  various  ways ;  sometimes 
by  the  coalescence  of  their  mantles,  so  as  to  form  a  gelatinous  mass,  and  sometimes  by 
means  of  a  sort  of  common  stalk,  very  similar  to  the  polypidom  of  the  Bryozoa,  The 
efferent  orifice  of  the  branchial  chamber  accordingly,  in  almost  every  case,  opens  in  the 
same  direction  as  the  inhalcnt  orifice,  either  by  the  canal  being  bent  round  within  the 
body  of  each  animal,  or  by  its  communicating  internally  with  a  common  canal  of  larger 
size,  serving  for  several  individuals.  The  young  of  the  fixed  Ascidians,  when  first 
produced  from  the  Qg^,  are  furnished  with  a  long  tail,  which  gives  them  very  much 
the  appearance  of  minute  Tadpoles.  Ry  means  of  this  they  swim  about  freely  in 
the  water,  imtil  the  time  arrives  for  them  to  attach  themselves.  The  tail  then 
gradually  disappears ;  the  internal  organs  make  their  appearance,  and  the  animal  soon 
acquires  the  form  of  its  parent.  In  some  of  the  compound  Ascidians,  however,  a 
somewhat  different  process  has  been  observed.  The  tailed  embryo  is  formed  in  the  q^^, 
but  this  loses  the  tail  whilst  still  inclosed.  Several  embryos  surrounding  a  common 
canal  are  then  formed  in  the  substance  of  the  original  embryo,  which  thus  constitutes 
the  nucleus  from  which  a  new  colony  is  produced  by  genmiation.  r 

DiTisions. — ^The  Ascidians  form  four  great  groups,  or  large  families.  In  the  com- 
pound Ascidians,  or  'Botryl- 
lidof  (Fig.  297),  the  animals 
are  united  together  by  the 
coalescence  of  their  mantles, 
I  so  as  tO'  form  a  leathery  or 
I  gelatinous  mass,  usually  at- 
tached to  stones  or  sea-weeds ; 
in  this  the  separate  animals 
are  imbedded,  generally  ar- 
ranged in  a  more  or  less  distinctly  stellate 
form,  round  a  common  efferent  canal. 
Many  of  them  are  adorned  with  beautiful 
colours. 

The  second  family,  the  Clavellinidat 
contains  the  social  Ascidians,  or  those  in 
which  the  bodies  of  the  animals  are  united,  not  by  the  mutual  adherence  of  their  outer 


Fig.  297.— 
Botryllus. 


Fig.  298.— Peropliora. 

tf  common  stem ;  e,  stomach ;  «,  intestine ; 

bf  inhalent  orifice ;  a,  efferent  orifice. 
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tunics,  but  by  means  of  a  sort  of  creeping  stem  whidi  runs  along  the  surface  of  sub- 
marine objects,  and  gives  rise  at  intervals  to  short  footstalks,  at  the  extremity  of  whid^ 
the  animals  are  supported  (Fig.  298).  The  separate  aniinalii  are  produced  by  gem- 
mation from  the  creeping  stems,  which  run  in  various  directicms  from  the  base  of  th^ 
original  fcunder  of  the  colony. 

The  family  of  simple  Ascidians,  Aseiduda,  is  composed  of  animals  which  live 
separately,  attached  by  the  base  to  submarine  bodies.  They  usually  form  shapeless 
masses  of  a  cartilaginous  texture,  often  of  considerable  size,  which  occur  in  grea* 
abundance  in  shallow  water.  A  fbw  species  are  eaten  in  some  countries.  The  incur- 
rcnt  and  excurrent  apertures  are  both  situated  on  the  upper  surface  of  the  animal, 
and  the  former  is  fringed  with  tentacles,  which  appear  to  prevent  the  ingress  of 
injiirious  matters  into  the  respiratory  cavity. 

The  fourth  family,  the  Pyrosomatida,  appears  to  form  a  distinct  transition  from  the 
Aseidia  to  the  following  order.  In  the  structure  of  the  respiratory  organs  they  agree 
with  the  former ;  and  like, the  majority  of  these  they  are  compound  animals ;  but  the 
branchial  chamber  runs  straight  through  the  body,  with  the  openings  at  opposite 
extremities;  as  in  the  SaipcBy  with  which  they  also  agree  closely,  in  the  general 
arrangement  of  their  organs. 

The  colonies  of  these  singular  creatures  are  in  the  form  of  a  carti- 
laginous tube,  open  at  one  end.  In  the  walls  of  this  tube,  formed  by  the 
coalescence  of  the  mantles  of  the  animals  composing  it,  the  bodies  of  the 
Ascidians  are  separately  imbedded ;  the  branchial  chamber  of  each 
passing  completely  through  the  wall  from  its  outer  to  its  inner  surface. 
These  animals  are  found  in  the  seas  of  warm  climates,  where  they 
float  along  in  an  upright  position,  but  apparently  possess  no  actual 
locomotive  power.     Like  all  the  Tunicata  they  are  luminous  in,  the 
dark,  and,  in  fact,  appear  to  possess  this  faculty  in  a  greater  degree 
than  any  other  members  of  the  class.   Their  cylindrical  form,  upright 
liff  aos^^^Pyro-    position,  and  considerable  size  (they  often  attain  more  than  a  foot 
soma  (reduced),     in  length),  render  them  exceedingly  beautiful  objects  at  night ;  and 
they  have  been  described  as  resembling  little  columns  of  fire. 

ObDEB  II.— BtPHO&A. 

Tlua  Older  inclndi»  ft  gm^  ^  fi«h-«wimming  animals^  usually  of  a  glasiy  tnm^Mi- 
reaifv  ^^  MSs*  of  yAUk  mgf  Ve  coo^ared  to  a  tube,  furnished  with  two  opening 
oneJhr  tt»  tBteUKe  wmk  til*  odicf  Ibr  the  exit  of  water.  The  walls  of  tkk  tube  ate 
compMMl  of  ft  dfatoKt  Oftter  OHt  xaoer  tunic,  the  latter  furnished  with  bands  of 
mnirln%  Vf  At  conCxaclKai  sf  whtMi  tbe  water  is  forced  out  of  the  cavity  of  the  body, 
proAnmf  ft  ntiifl^  "v^ldk  dmw  tli»  creature  in  the  opposite  direction.  The  iutemal 
struftlftMisI'  tew  ftKBala  Yam  already  been  described.  They  are  distinguished  fhnn 
thosft  sf  ikm  flAer  eider  \ff  Ifat  kmdiilffi  form  of  the  branchia.  The  intestines  form  a 
smaft  mmm  lAnm  ikm  fot^imjac  povtioii  of  the  branchial  cavity  (Fig.  296) ;  this  is 
usually  of  a  redcEfsh  or  yellowish  colour,  and  emits  a  phosphorescent  light  in  the  daik ; 
it  is  called  the  nucleus. 

The  reproduction  of  these  animals  is  attended  with  some  very  remadcable  dream- 
stances,  which  were,  indeed,  the  first  facts  accurately  observed  in  firvour  of  what,  for 
want  of  a  better  term,  we  must  still  denominate  *^  the  alternation  of  genezatiaxis.*' 
Two  forms  of  Salpa  have  long  been  known  and  regarded  as,  at  all  events,  speci&ally 
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dmtim^fBom.  Mekotihar.  Iikoae  of  these  the  iodWidaal  animals  aro  united  togetHcr 
liT^thtir  ste-ailoa  sort  of  chain,  the  movement  of  which  through  the  water  is  efiectcd 
hy  thfr  wnuifaueoua  expilaon  oi  water  from  the  respiratoory  chamhers  of  all  the 
ammalt  of  whiek  it  ia  eonposed.  la  the  other  form  the  animals  are  always  solitary  ^ 
and  these  differ  aa  mnch  in  their  external  appearance,  and  even  in.  some  points  of 
internal  anatomy, — such  as  the  number  of  muscular  bands  in  the  inner  tosic, — ^from 
Jaolatcd  hidividii^  of  the  social  £ormSy  that  it  is  not  at  all  surprising  that  they  were 
long  eoBsideKed  as  distinct  q^ea.  ibcciirate  observations,  however,  commencing  with 
those  ci  Ghamifiso,  puhliahed  in  1819,  have  shown  that  each  species  of  Sulpm  possesses 
individuals  of  these  two  forms.  The  associated  forms  are  furnished  with  genuine 
reproductive  organs,  and  produce  a  single  young  Salpa  of  the  solitary  fonn;^  and  this 
again  produces,  by  internal  gemmation,  a  chain  er  series  of  young  nnimiiittof  the  Sarm 
of  its  parent,  lis  pneesses  by  which  these  different  results  ase  j^odneed  are  exeeed- 
ingly  curious  «hI  iotaesting.  The  solitary  Sal^jm  exhibit  afc  the  hinder  extremity', 
dose  toths  facaar^  tmd  eoDnected with  that  organ,  a  single  vessdl,,  divided  down  the  middle 
by  a  loflfjIiwIirTial  partitam.  Through  this  ihe  blood  circulates,,  passing  up  on  one  side 
of  the  partiiaH  wmi  dsva.  en  the  other.  Upon  the  outer  smfaee  of  this,  which  is  called 
the  genmifvmm  Aiis:  hj  K.  Huxley,  the  associated  Salpm  aie  produced,  making  their 
appearance*  atft  tetavsdDe  buds,  but  gradually  increasing  in.  development  with  age ; 
and  those  at  1ft«  lloiier  extremity  of  the  tube  being  much  fhrther  advanced  than 
those  neavr  til*  hant.  When  mature,  these  young  a-uimihi  quit  the  body  of  the 
parent  by  «».aggiinieattfae  posterior  extremity  of  the  outes  tonic,  sometimes  singly, 
at  others  iiftsmslei  eh«B,  in  which  the  animals  adhere  to  each  other  with  a  very 
variable  degree  of  foee.  Each  of  these  animals  possesses  both  male  and  female  organs, 
the  latter  fiTrawhag^  affnrently,  but  a  single  ovum.  It  seems  very  doubtful,  however, 
whether  the  «~*'«»^^«  ne  self-impregnating,  as  Mr.  Huxley  reiasrks,  that  in  the  species 
examined  by  him  the  male  organs  did  not  appear  to  have  arrived  at  their  full  develop- 
ment when  the  formation  of  the  embryo  had  commenced,  which,  indeed,  takes  place 
before  the  associated  Salpa  leaves  the  body  of  its  parent.  It  is  singular  that  these 
animals  are  not  oviparous,  but  truly  viviparous ;  the  embryo  being  suspended 
within  the  branchial  cavity  of  its  parent,  and  connected  with  the  circulatory  syaten  of 
the  latter  by  a  distinet  vessel,  through  which  the  blood  may  be  seen  to  pass,  the  emhiTO 
also  exhibiting  a  distinct  circulation  of  its  own ;  phenomena  so  closely  in  accordanea 
with  those  presented  by  the  Mammalia,  or  truly  viviparous  Vertsbrata,  that  natundista 
have  applied  the  name  of  placenta  to  the  vascular  connexion  between  the  parent  Safyfit 
and  its  young.  As  the  young  Salpa  increases  in  size  and  perfection,  its  connexion 
with  its  parent  is  gradually  narrowed,  until  at  last  it  breaks  away  altogetheiV  ^^^ 
swims  off  as  a  free  and  perfect  being. 

The  Saipoi  are  found  in  all  seas,  but  most  pl^tifully  in  those  of  tropieal  clzmatet^ 
which  are  (rften  filled  with  them  in  such  numbers  that  the  voyager  sails  for  days  throng 
masses  of  these  little  gelatinous  creatures.  At  ni^  they  are  exceediagiy  luininoaa.; 
and  the  chains  of  the  associated  forms  especially  are  said  to  present  a  beantifiil  appear* 

ance. 

SuB-DxnsioM  II. — ^MoixuBCA,  Pbopea. 

WMalaiia*— In  the  great  sub-divisian  of  the  true  Molhueay  of  whidi  the  geneni 
sCtmctai^  has  akaa^  been  sufficiently  explained,  wemay  distingnisk  ft^e  gssai  elaaMi^  of 
iMA  two  aieimpivovidbd  with  any  distinet  head  (AaphaUijfWbSkt  the  xeuMiader  pmasnt 
a  lieai  teniahed  with  organs  of  sense  (eyes>  teiitaolee»  ftc>>    Of  thelbfiiier,.wiiiefaara 
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always  furnished  with  a  bi-yalve  shell,  the  FaUiobranehiata  are  distingnifthed  by  haying 
no  sjtecial  breathing  apparatus  or  giU,  and  by  the  presence  of  a  pair  of  ciliated  and  usually 
spiral  arms  attached  to  the  sides  of  the  mouth  (Fig.  301),  the  action  of  which  carries  the 
particles  of  food  towards  that  aperture ;  whilst  in  the  jAxmeUihranehiata,  or  ordinary  bi- 
valve Mollusca,  these  arms  are  wanting,  and  the  respiratory  function  is  performed  by 
laminffi  gills. 

The  Cephalophorous  Mollusca  are  divided  into  classes  by  characters  derived  in  a 
great  measure  from  the  form  and  position  of  the  organs  of  motion.  Thus  the  Pteropoda 
are  small  MoUusks,  which  swim  freely  on  the  high  sea  by  means  of  a  pair  of  fin-like 


Fig.  301.— Lingula  anatina, 
Fig.  SOO.— Creseis  subulata.  showing  the  ciliated  arms. 

expansions  attached  to  the  sides  of  the  body,  at  or'near  the  head  (Fig.  300).  The  Gas- 
teropoda are  furnished  with  a  fleshy  foot,  by  the  agency  of  which  they  creep  slowly 
along  (Fig.  284) ;  whilst  the  Cephalopoda  (Fig.  286)  have  a  circle  of  arms  surrounding 
the  head,  with  which  they  not  only  crawl  upon  submarine  objects,  but  also  seize  their 
prey. 

Class  III. — Lamellibhanchiata. 

Oenexal  Gluuractera. — The  Lamellibranchiate,  or  ordinary  Bivalve  Mollusect, 
are  usually  inclosed  within  a  bilobed  mantle,  which,  however,  in  some  instances,  is 
entirely  closed,  with  the  exception  of  apertures  left  for  the  admission  of  the  water 
required  for  the  respiratory  process,  and  for  the  protrusion  of  the  foot  (Fig.  302),  In 
all  cases,  however,  the  two  sides  of  the  mantle  produce  a  calcareous  shell,  which  is 
always  composed  essentially  of  two  valves ;  although,  in  some  instances,  they  undergo 
such  modifications  as  to  render  the  recognition  of  their  original  structure  almost  unre- 
cognizable. The  two  lobes  of  the  mantle  are  always  united  at  the  upper  part,  where 
they  are  also  attached  to  the  sac  inclosing  the  body  of  the  MoUusk.  jit  this  part,  ^also, 
the  two  valves  of  the  shell  are  attached  to  each  other  by  a  sort  of  hingc^  almost  always 
famished  with  teeth,  which  fit  into  corresponding  cavities  in  the  opposite  valve,  and 
are  usually  provided  with  an  elastic  ligament,  which  unites  the  two  valves  along  the    I 
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Mngo-mazgm,  and  with  an  internal  cartilage.    The  office  of  these  elastic  bodies  is  to 
am/  e  a 


Fig.  302.— Anatomy  of  a  biyalre  Mollusk  (Mactra). 
a,  shell-mnscles ;  6,  ganglia :  c,  heart ;  d^  liver ;  «,  mouth ;  /,  labial  tentacles ;  g^  foot ; 
A,  stomach ;  «,  intestine ;  k^  anus ;  m,  mantle ;  n,  branchioD ;  o,  base  of  inhalcnt  siphon ; 
Pf  baso  of  exhalent  siphon. 

open  the  shell,  when  the  tension  of  certain  muscles,  hereafter  to  be  described,  is  relaxed. 
The    external    ligament,   being  ^^^   ^  .^^^ 

placed  in  such  a  manner  that 
when  the  shell  is  closed  its 
elastic  fibres  are  doubled,  always 
tends  to  recover  a  more  extended 
position ;  whilst  the  internal  car- 
tilage, which  is  lodged  in  pits 
within  the  hinge-margin,  is 
compressed  by  the  closing  of  the 
shell,  and  of  course  assists  in  Fig.  808.-Pholadomya  alba, 

opening  the  yalves,  as  soon  as  the  pressure,  under  which  it  is  confined,  is  reduced 
below  its  elastic  force. 
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.  Each  Talve  of  the  ^11  ia  nsiiaUr^  of  a  tery  oUiqae,  broadly-conical  foam,, : 
up  to  an  obtuse  point,  called  the  umbo  or  beak^(Fig.  303).  This  is  the  first  formed  part 
of  the  shell ;  and  as  the  principal  additions  to  the  size  of  the  valves  are  made  by  the 
free  margins  of  the  mantle,  it  always  retains  its  position  close  to  the  hinge.  The  shell 
often  assumes  a  somewhat  spiral  appearance,  especially  at  this  part ;  and  in  some  cases 
one  or  both  valves  exhibit  the  tendency  to  form  a  spire  still  more  distinctly.  The 
position  of  the  umbones  generally  indicates  that  of  the  different  parts  of  the  shell  in 
relation  to  those  of  the  animaL  Thus  the  umbones  almost  invariably  reach  the  hinge- 
margin  in  front  of  the  ligament  (see  Fig.  303) ;  so  that  the  portion  of  the  shell  towards 
which  they  tend  is  the  anterior ;  the  opposite  portion  tbe  posterior  region.  The  latter 
is  generally  the  largest. 

The  interior  of  the  shell  is  marked  by  impressions  indicating  the  points  of  insertion 
of  the  muscles  (Fig.  304).     Of  these,  the  principal  are  the  impressions  of  the  adductor 


Fig.  304.~Ilight  and  left  valTes  of  Amphidesma,  showing  the  impreesions  of  the  adductor  muscles, 
the  pallial  line,  and  the  pallial  sinus. 

muscles  (Fig.  302,  a),  which  are  usually  two  in  number,  one  placed  in  the  posterior,  the 
other  in  the  anterior  part  of  the  shell,  the  former  being  generally  the  largest.  These 
muscles  are  attached  to  the  interior  of  both  valves,  which  they  close  by  their  contrac- 
tion. A  linear  impression,  running  from  one  of  these  impressions  to  the  other,  and 
called  the  pallial  line^  marks  the  position  of  the  muscular  margin  of  the  mantle.  It  is 
generally  more  or  less  parallel  to  the  margin  of  the  shell ;  but  in  those  species  which, 
possess  retractile  respiratory  siphons,  it  is  more  or  less  indented  at  its  posterior  portion, 
forming  what  is  called  the  pallial  sinus;  and  the  depth  of  this  indentation  incBcates  the 
length  of  the  retractile  siphons.  The  margins  of  the  shells  often  fit  eaxh  otka  exactly, 
so  that  when  the  valves  are  dosed  no  space  is  left ;  but  in  maay  Mfle»  l^e^'valvca  an 
separated  at  one  or  both  ends  (Fig.  304).    The  shell  is  then  said  to  gape. 

When  w«  leok  at  the  animal  inclosed  in  this  shell,  we  find  that,  although  it  cer- 
tainly possene*  no  distinct  head,  its  mouth  is  easily  discernible  (Fig.  302),  andis  alfwajn 
turaed  toward^  that  part  ol  the  dhaS  whicli  we  have  deseribed  as  the  fro&t.  Thisbdog 
the  matanm  poartiofLof  the  body,  Hi  fillows  tikat  the  mantk  lobes  and  valiraft  tate  phosd 
upon  xto  sides ;  whHsi  we  shall  find  that  the  contrary  prevails  aBKmgst  the  PaUiairmt' 
chiaMf  in  whiek  the  valves  are  pkwed  vpon  the  upper  aftd  lower  soxfkces  of  tile  aniiaT. 

Of  liie  greatest  impoftasee  to  the  existence  of  the  animal  is  thepower  of  introAociag 
a  stream  of  water  into  the  cavity  of  the  mantle.  This  not  onlj  serves  for  the  wpwrm- 
tory  process,  but  also  conveys  to  the  creature  those  minute  pastiole»  oi  oq^aaitt^mslter 
of  whiehitsfoodeonsistB.  Is  the  speeies  wiiha  closed  Bsantletwe  aferlueBrare«ME»ai 
the  posterior  portion ;  of  these,  one  serves  for  the  admission,  the  nthnr  fttir  tHm  nriiiilnim  H 
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the  water.  In  a  great  number  of  Mollnsks  the  margins  of  the  apertures  are  coBtmned  into 
tubes  or  sqihons  (Fig.  302),  which  in  the  burrowing  species  are  often  of  great  length  (see 
;  Fig.  288).  In  some  cases  the  two^siphons  are  united  so  as  to  appear  like  a  double  tube, 
i  The  branchisB  usually  consist  of  a  pair  of  laminse  placed  on  each  side  of  the  body,  and 
'  permeated  from  edge  to  edge  by  minute  tubes.  The  walls  of  these  tubes  are  composed  of 
minutely  reticulated  blood-yessels ;  which,  accordxngr  to  Messrs.  Alder  and  Hancock,  pro- 
duce a  texture  resembling  that  of  a  sieye,  through  which  the  water  passes  into  the  tubes  by 
Vhich  the  gill-laminse  are  permeated.  These  communicate  at  the  base  of  the  gill  with 
an  anal  chamber  placed  at  the  base  of  the  exhalcnt  siphon,  through  which  the  water, 
which  has  passed  over  the  gills,  and  senred  for  the  purpose  of  respiration,  is  conreyed 
out  of  the  body.  The  interior  of  the  siphons,  the  sur&ce  of  the  gills,  and  that  of  the 
mantle,  arc  all  coTered  with  cilia ;  and  it  is  by  the  action  of  tiiese  microscopic  organs 
that  this  important  current  of  water  is  produced.  But  the  sieve-like  structure  of  the 
gill-laminaB,  assisted  by  the  cilia  with  which  they  are  clothed,  has  another  office  to  per- 
form besides  that  of  respiration:  they  filter  tiie  water,  eoUecting  in  grooves  upon 
their  surface  all  the  minute  floating  particles  whidi  it  coBtpined.  lliese  are  carried  by 
the  eiliary  action  to  the  edge  of  the  branchial  laminse,  which  is  grooved,  and  thence 
conveyed  to  the  mouth.* 

The  mouth  is  furnished  with  one  or  two  pair  of  laiisl  tentacles  (Fig.  302},  but  is 
not  armed  with  teeth.  The  intestine  is  convoluted,  mxd  passes  through  the  heart. 
The  anus  opens  into  the  base  of  the  exhalent  siphon.  The  liver  is  always  voluminous. 
The  foot,  when  present,  is  usually  of  a  tongue-like  form ;  it  varies  greatly  in  size,  and 
is  often  wanting,  especially  in  attached  shells.  In  some  cases  iit  gives  rise  to  a  byssus, 
by  which  the  animal  fixes  itself  (see  page  412). 

(Most  of  the  bivalve  MoUusca  are  [furnished  with  auditory  vesicles,  inclosing  oto- 
lithes.  They  are  generally  placed  close  to  the  ganglion  of  the  foot.  A  few  also  possess 
eye-like  organs,  placed  round  the  margins  of  the  mantle.  They  are  sometimes  very 
numerous.  The  sexes  are  separate ;  the  eggs  are  received  amongst  the  bnmchiie  of 
the  parent,  and  retained  there  until  the  young  have  attained  a  considerable  development. 
The  LameUibranchiata  are  all  aquatic  animals,  and  by  far  the  greater  part  of  them 
inhabit  the  sea.    A  few,  however,  are  found  in  fresh  wat^. 

DiTiaionaw— The  elassification  of  the  bivalve  MoBmaea^  here  adopted,  is  founded 
partly  upon  that  lately  gpiven  by  Dr.  Gray,  in  the  Annals  of  Natural  History 
(May  1854).  That  gentleman  divides  the  LameUibranchiate  MoUuaca  into  two  prin- 
cipal groops^  or  orders  (sub-classes,  Gray),  distinguished  by  the  presence  or  absence  of 
respiratory  siphons.  In  the  .Aiiphonata  {Astphonoj^iora^  G^ray),  the  mantle  lobes  are 
£ree  for  the  greater  part  of  their  extent,  or  only  united  at  the  back  so  as  to  inclose  a 
separate  exhalent  aperture.  In  the  Siphonaia  {Siphonophoray  Gray),  on  the  contraiy, 
the  mantle  lobes  are  mcne  or  less  united ;  and  the  respiratory  orifices  are  both  ^stinctly 
separated,  and  firequently  produced  into  long  s^hens. 

ObDER  I. — ASIPBDHATA* 

The  Asiphonate  order  of  bivalve  Mollusca  indadea  waan  ef  the  moat  important  of 
these  animals ;  the  common  Oyster  and  the  edible  Mussel,  a*  also  the  Pearl  Oyster, 
beloogittg  to  it.    The  first  is  the  type  of  the  tribe  Oatraeeoy  characteiized  by  haying  a 

•  Vmf  Awtfaer  partioulan,  Mito  the  stnuton  ftBdaetioa  of  tba  bnnohi»  is  the  UivaI'm  MeUoMS, 
the  reader  may  refer  to  the  adndnble  memoir  of  Mesere.  Alder  andHancoek,  in  the  Annals  and  Mms, 
oflfM.  Kat  for  Tfar,,  IWl.  ^ 
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more  or  less  orbicular  shell,  of  which  the  Yalyes  are  unequal.  The  animal  reposes  on,  or 
adheres  by,  the  more  convex  of  its  •.valves.  The  mantle  of  the  animal  is  open 
throughout.  'The foot  is  sometimes  entirely  absent;  when  present,  it  is  small,  and 
usually  famished  with  a  byssus.    There  is  only  a  single  adductor  muscle. 

The  common  Oyster  {ftstrea  edulis),  which  has  always  been  a  great  favourite  with 
epicures,  both  ancient  and  modem,  is  found  in  great  abundance  in  many  parts  of  our 
seas.  They  live  in  vast  communities,  called  '^  oyster  banks,''  each  individual  being 
attached,  by  its  left  or  convex  valve,  to  rocks,  or  other  submarine  objects.  They 
spawn  in  May  and  June.  The  &y,  called  '^  spat ''  by  the  fishermen,  consists  of  whitish 
gelatinous  masses,  in  which  the  young  Oysters  may  be  discerned.  These  soon  fix 
themselves  by  the  shell  to  some  object.  They  then  grow  rapidly ;  but  they  are  said  to 
occupy  four  years  in  attaining  their  full  growth.  The  "  native  "  Oysters  are  obtained 
from  artificial  oyster  banks,  formed  by  transporting  the  fry  to  shallow  tanks,  where 

their  food  being  present  in  great  abundance,  they 
thrive  and  acquire  a  finer  flavour.  Many  other 
species  pf  the  genus  Ostrea  are  eaten  in  different 
parts  of  the  world.  In  some  places  Oysters  grow 
in  such  abundance,  attached  to  one  another  in 
masses,  that  they  have  been  found  as  effectual  in 
preventing  the  inroads  of  the  sea  as  the  coral  reefs 
of  the  Pacific  Islands.  One  of  the  most  singular 
species  is  the  Ostrea  crista-galliy  or  Cock*s-comb 
Oyster  (Fig.  305),  inhabiting  the  Indian  Ocean. 

The  Oysters  possess  no  foot;  but  in  the  singular 
genus  Anomia,  which  is  nearly  allied  to  them,  a 
small  foot  makes  its  appearance,  and  takes  the  form 
of  a  plug,  which  passes  through  an  aperture  in  one 
of  the  valves,  and  thus  attaches  the  creature. 
In  the  well-known  and  often  elegant  FectenSj  or  Scallop-shells  (Fig.  306),  the  foot 


Fig.  305.— Ccck*s.comb  Oyster. 
(Ostrea  Crista-galli.) 


Fig.  306.— Pecten  opercularis.  Fig.  307.~-Pearl  Ojster  {MeUagrina  marfiirii^era)* 


is  distinct  but  small,  and  is  sometimes  furnished  with  a  byssus.     These  animals  are 
very  abundant  in  some  localities;  and  some  of  the  larger  species,  such  as  the  FecUn 
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maximua  and  P.  opereularia  (Fig.  306)  of  our  own  shores,  are  regarded  as  excellent 
eating.  Another  species  was  worn  by  pilgrims  to  the  Holy  Land ;  it  has  received  the 
name  of  Peeten  Jaeobausy  from  its  haying  been  adopted  in  the  middle  ages  as  the  dis- 
tinctive cognisance  of  St.  James  of  Spain.  The  free  edge  of  the  mantle  in  the  Peetens 
is  famished  with  nnmerons  bright  ocelli. 

The  tribe  of  Avieulaeea  is  rendered  important  by  its  including  the  Pearl  Oyster 
amongst  its  members.  The  foot  in  this  tribe  is  small,  and  produces  a  byssus,  by  which 
the  animal  attaches  itself  firmly  to  submarine  objects.  The  mantle  lobes  are  £ree ;  the 
shell  usually  oblique  and  somewhat  triangular,  with  the  yalycs  unequal,  and  the  hinge 
usually  without  teeth. 

Most  of  the  shells  of  this  tribe  are  pearly  in  the  interior ;  and  as  the  true  pearls  are 
merely  morbid  growths,  they  may  all  produce  pearls  of  various  qualities.  The  forma- 
tion of  pearls  is  caused  by  the  introduction  of  irritating  substances,  such  as  grains  of 
sand,  between  the  mantle  and  the  shell.  The  irritation  causes  the  animal  to  cover  the 
obnoxious  object  with  layers  of  pearl,  which  generally  attach  the  foreign  body  to  the 
interior  of  the  shell.  The  Chinese  produce  pearls  artificially  by  placing  substances  in 
the  position  just  described ;  and  we  have  seen  some  shells,  to  the  interior  of  which  small 
metal  images  were  attached  in  this  manner  by  the  pearly  secretion.  The  Pearl  Oyster 
{Meleoffrina  margaritifera^  Fig.  307)  furnishes  the  finest  pearls ;  and  the  shells  are  also 
imported  in  vast  quantities ;  the  inner  layers,  known  as  "  mother  of  pearl,"  being  used 
for  a  great  number  of  ornamental  purposes.  The  Pearl  Oyster  is  found  in  various  parts 
of  the  Indian  and  Pacific  Oceans,  at  a  depth  of  about  twelve  fathoms,  whence  they  arc 
taken  by  divers.  The  most  celebrated  fisheries,  known  to  the  ancients,  were  those  of 
the  Persian  Gulf  and  Ceylon.    The  um- 


bones  of  the  Avieulaeea  are  furnished  with 
dilated  lateral  plates  called  ears  ;  these 
are  comparatively  small  in  the  Pearl 
Oyster,  but  in  the  curious  "Hammer 
Oyster*'  {MaUeua  vulgaris,  Fig.  308),  an 
inhabitant  of  the  Indian  Ocean  and  the 
shores  of  Australia,  these  appendages 
attain  a  great  length,  and  give  the  shell 
very  much  the  appearance  of  a  hammer 
or  pickaxe.  The  Pinna,  already  referred 
to  (p.  412),  also  belong  to  this  tribe. 


> 


Fig.  308.— Hammer  Oyster  (Malleus  vulgaris). 


In  the  Arcacea  the  valves  of  the  shell  are  nearly  equal,  usually  thick,' and  fur- 


Fig.  309.— Area  auriculata. 
nished  with  a  long  row  of  similar  teeth  at  the  hinge  (Fig. 


The  adductor^muficles 
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4S0  MUSSELS— FftS8H»WAIJ»  MUSSELS. 

«i«  t«r9  in  Biinbflc,  aad  llie  footif  lai^  and  «fken  finnj^^ 

lobef  an  £»e  all  rooad.     ^le  IV^mmmm^  irhieh  an  daaely  aWifidte  thfiae,  haire  the 

foot  kng  and  bent,  aemng  £ar  IftajMiig,  and  theliia^  fimiihed  with  but  isw  taetb. 

in  the  JIfytilaom,  id  whkk  the  commoa  MxmA  {MfiUut  einlii)  ia  a  velMcDOwn 
type,  the  mantle  lobes  are  more  or  less  united,  having  tiro  s^hoaal  apertona.  The  foot 
is  famished  with  a  byssus,  by  which  the  animal  attadiea  itself  and  the  aheQ  ia  closed 
by  two  adductor  muscles,  of  which  the  anteiior  is  yerj  smalL  The  valves  of  the  shell 
are  equal,  generally  of  an  elongated  oval  form,  eovered  with  a  thick  epidemaia,  and 
usually  pearly  inside.  The  common  Muss^  although  greatly  infenor  to  the  Oyster, 
is  consumed  in  great  quantities  as  an  article  of  food.  The  annual  oansumption  in 
Edinburgh  and  Leith  alone  is  calculated  at  400  bushels,  each  of  which  is  supposed  to 
contain  1000  muscles.  The  consumption  for  baits  is  still  more  enecmous  ;  as  many  as 
between  thirty  and  forty  millions  being  employed  in  this  manner  in  the  Frith  of  Forth. 
At  certain  periods  Mussels  appear  to  have  a  deleterious  effect  upon  peieons  eating  than ; 
but  the  cause  of  this  has  not  yet  been  satisfactorily  made  out  Most  of  the  MptUtteea 
conceal  themselves  by  burrowing  into  yarious  substances.  The  LithodonU  ^^edomie  solid 
rock,  corals  and  shells.  Some  species  make  use  of  the  byssus  to  i^in  tiiemselvea  a  sort 
of  nest  They  arc  generally  marine ;  but  the  common  Mussel  may  be  found  in  firesh 
water ;  and  a  singular  shell,  the  Jkeitaena  polpmorpka,  which  has  ree^itly  heeaa.  inixo- 
duced  into  this  country  from  the  neighbourhood  of  the  Black  Sea,  is  always  an  inha- 
bitant of  fresh  water. 

The  Vnumaeea  are  all  inhabitants  of  fresh  water.  They  have  an  equivalvc  shell, 
covered  with  a  smooth  epidermis,  and  lined  with  pearly  matter.  The  margins  of  the 
mantle  are  free,  for  the  greater  part  of  their  extent,  united  between  the  xe8]^rato]y 
apertures.  The  foot  is  very  large,  vui  the  adductor  musdes  are  two  in  number.  Several 
species  of  this  tribe  an  found  in  this  country;  one  of  the  ccnnmonest  being  the  Unw 


Fig.  WO.— Unio  Pictorum- 

pietorum  (Fig.  310),  so  called  from  its  shell  having  been  f<»mei%-  snidiL  ased  by 
painters  far  holding  th^  cdioan.  AH  the  species  f umiidL  pearls  of  iaiensr  quality ; 
and  one  species,  <he  U.  mttrgarittferuSf  an  inhabitant  of  1^  vaoaatawa.  ^"Fipn  of  this 
country,  is  stilL  eofieeted  lor  tibe  sak^  of  the  peaoli  which  it  eantKns.  Xhe  jbnerican 
species  are  very  a 


Order  II.— Siphonata. 
The  fizat  tribe,  the  Ciamacea,  includes  some  of  the  largest  of  molluscous  <^T»'ynala ; 
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tiM  Monal  «f  the  JV-itfMwgj^f  (or  dm  Adl),  ireif^g  1011101111161  as  xnaoh  m 
tiPHl^  fomAf,  inrliyst  its  tiitw  ^ecammally  attain  the  enormous  veight  of  fiye 
Imidnd  pwuute.  Snalkr  qtaoiaieiis  «m  werj  common  as  garden  omameBts.  JLaother 
wffi  kaorim  ipeeies  is  l^e  JBBpyopiw'mgwrfafiw  (Fig.  311),  which  is  IbegneHfliy  «Bi|Aoyed 
in  the  manufactyre  <i  omametttal  artules.  The  shell  in  the  fliffwis— is  very  thick, 
usaaUjr  attached,  and  tiie  lunge  bas  one  or  two  teeth.  Tke  fluafia  is  dasei,  with 
separaite  sq^anal  openings,  but  with  the  siphons  obsolete^  ^bB  iwt  ^wy  inH  ;  Aid 
then  are  two  adductor  muscles.  In  some  fossil  species  the  nftnei  jbpb  afkaL  Jhs 
veoeirt  speeies  inhabit  the  iseas  of  warm  climates. 


Fig.  31I4— aOppopus  maculatus. 


Hlp.  JUL— Cardiam  JunonaB. 


The  Cardiacea  hsfe  a  thick,  doaedy  ^Bqpm^tSiMFt  aheS,  leifek  the  umbones  usually  bent 
round,  so  that  the  bIi£^  wiien  seen  fram  «sther  edagMiif;,  'presents  a  more  or  less 
cordate  appearance  (Fig.  312).  The  hisge  teefh  are  steoqg,  fiK)m  one  to  three  in  each 
Talve ;  and  there  are  usually  one  or  two  smaller  teeth  on  eacli  side  of  the  hinge.  The 
mantle  lobes  are  closed,  the  foot  large  and  atrong,  and  the  siphons  usually  short, 
although  in  some  species  iJu^  Are  as  long  as  in  the  following  tribe,  and  the  pallial  line 
in  these  cases  peeseste  a  ili^  ainuosity.  The  animal  possesses  two  adductor 
muscles. 

Many  of  l^ese  Adk  (of  whkSi  :fte  ^common  Cockle,  Cardium  edule,  is  a  well  known 
example),  aie  ele^gsaliy  marked  with  radiating  ribs,  running  from  ihe  umbones  to  the 
free  m^gins;  jaid  in  some  cases  the  ribs  are  ornamented  with  spires  of  various  and 
singular  fcaaBS.  Tbc^  are  generally  adlve  animals,  ^ringing  to  a  considerable  height 
by  means  of  €he  strong,  Bent  ieet  Usey  usually  conceal  themselFes  by  burrowing  in 
the  sand  or  mmL  Jsl  ji  &w  i^eoes  the  foot  forms  a  creeping  disc.  The  common 
Cockle  is  eaten,  «iidin  sane loialatiftR forms  an  in^portant  article  of  food ;  but  it  has  but 
little  to  recommend  it 

The  Veneraeea,  forming  the  first  tribe  of  the  bivalve  MoUusks,  with  elongated 
si^b(niB  and  a  distinct  pailial  sinus,  resemble  tibe  Cardiaesa  in  1326  form  of  the  shell  and 
g^enerai  structure.  The  foot  is  usually  compressed,  broad,  and  somewhat  laiangular, 
serving  principally  as  an  instrument  for  burrowing.  The  Veneracea  are  distinguished 
from  the  following  tribe  by  having  the  respiratory  siphons  separate ;  at  all  events,  for 
the  greater  part  of  their  length.  This  group  includes  many  exceedingly  elegant  shells, 
the  exotic  iq^ies  especially  being  often  adorned  with  a  most  charming  variety  of 


Digitized  by  ^OOQIC 


432 


BOBIIVG  BITALYBS. 


colour*    Some  species  are  also  ornamented  inih  spineB  (Fig.  313)*    Tliey  generally 

conceal  themselYes  by  buixowing,  sometimes 
into  the  sand  and  mud  of  the  sea-bottom,  and 
sometimes  into  solid  rock.  The  principal  agent 
in  these  operations  is  the  foot. 

The  Pholadacea  are  disting^uished  from  the 
preceding  tribe  by  having  the  siphonal  tubes 
united  through  the  whole  or  the  greater  part  of 
their  length  (Fig.  314}.  Like  the  Veneraeeoj  they 
are  all  burrowing  animals,  and  the^majority 
select  hard  substances,  such  as  rock,  wood,  &c., 
Fig.  3l3.-Cytherea  «pino«o.  for  the  construction  of  their  burrows.'^The  shells 

are  usually  of  an  elongated  form,  gaping  at  one  or  both  ends.    They  are  dosed^by^two 


Fig,  314.— Panopeea  australls. 
adductor  muscles.  The  foot  is  large  and  powerful,  and  the  mantle  is  closed.  The  type 
of  the  group  is  the  genus  Photos,  spe- 
cimens of  which  are  common  in  the 
chalk  rocks  of  the  south  of  England. 
They  are  famished  with  accessory 
plates  on  the  back  for  the  protection 

of  the  dorsal  muscles.    Another  shell        ^I^f^T^J^'driSBSiSteSfifl  ^ 
belonging  to  this  tribe  is  the  Solen,  or 
Razor-shell,  which  burrows  to  a  con- 
siderable depth  in  the  sand.  They  are 
drawn  from  their  burrows  by  means 
of  a  bent  iron,  and  are  said  to  be  very 
good  eating.    One 
of  the  most  cele- 
brated  species    is 
the  Teredo  navalisy 
or  Ship-worm,  an 
animal  which  at- 
tains a  length  of  one  or  two  feet,  and  often  does  immense  damage  by  buirowing  intd 


Fig.  815.— Aspergillun  Taginifermn. 
a,  the  shell  complete ;  6,  the  perforated  disc. 
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timber.  In  the  years  1731  and  1732,  it  excited  great  alarm  in  Holland  by  boring  into 
the  piles  wbicb  assist  in  protecting  that  country  from  the  inroads  of  the  sea.  It  is  a 
soft,  cylindrical,  and  somewhat  worm-like  animal,  furnished  with  a  pair  of  small  shells 
at  its  anterior  extremity.  A  still  more  singular  animal,  belonging  to  this  tribe,  is  the 
Asperffillum,  or  "Watering-i)ot  shell  (Fig.  315),  which  is  inclosed  in  a  calcareous  tube, 
in  the  anterior  part  of  which  the  two  minute  valves  are  imbedded.  The  anterior 
extremity  of  the  tube  is  closed  by  a  singular  perforated  disc  (Fig.  315,  d),  and  the 
opposite  end  is  usually  ornamented  with  several  ruffle-like  bands. 

Class  IV.— Palliobranchiata. 

General  Cluuractezs. — The  animals  of  this  class  are  distinguished  from  the 
Lamellibranchiate  MolUuea  by  the  absence  of  any  special  branchial  apparatus,  the 
respiratory  function  being  performed  by  the  mantle,  which  is  traversed  by  numerous 
blood-vessels.  They  are  also  characterized  by  the  possession  of  a  pair  of  long,  ciliated, 
and  usually  spiral  arms,  the  analogies  of  the  labial  tentacles  of  the  ordinary  bivalves. 
The  action  of  the  cilia  with  which  these  arc  clothed  produces  a  current  in  the  water, 
that  carries  the  particles  of  food  to  the  mouth,  which  is  situated  close  to  their  base. 
From  the  presence  of  these  organs  the  class  is  often  termed  Brachiopoda. 

The  valves,  instead  of  being  placed  on  each  side  of  the  body  of  the  animal,  are 
situated  above  and  below  it ;  so  that  they  are  called  dorsal  and  ventral,  instead  of  right 
and  left,  valves.  The  central  valve  is  usually  larger  than  the  dorsal,  and  projects 
beyond  it  at  the  beak,  where  it  is  generally  perforated  to  allow  the  passage  of  a  mus- 
cular or  tendinous  peduncle,  by  which  the  animal  attaches  itself  (Fig.  316  a).  In  some 
cases  the  pedimcle  is  wanting,  and  the  shell  is  then 
fixed  by  the  beak.  The  connexion  of  the  valves  is 
effected  by  a  pair  of  teeth,  springing  from  the  ven- 
tral valve,  and  locking  into  corresponding  cavities 
in  the  dorsal  valve.  There  is  no  ligament,  and  the 
valves  of  the  shell  are  opened  and  closed  by  appro- 
priate muscles. 

The  arms  are  frequently  supported  upon  a  cal-  ^^^^  ^T 

careous  framework  or  skeleton  (Fig.  316  b),  attached        Fig.  316.— Tcrcbratula  australis. 

to  the  interior  of  the  dorsal  valve:   this  usually     «»  shell  closed,  Bhowingr  aperture 

,,  .  , ,        ,      •;  by  dorsal  valve,  with  framework. 

forms  two  loops,  sprmgmg  from  the  neighbourhood 

of  the  hinge.    The  arms  appear  to  be  extensible  in  some  instances ;  but  in  othei-s  they 

are  attached  to  the  internal  framework,  and  only  the  extremity  is  free. 

The  body  of  the  animal  only  occupies  a  small  portion  of  the  cavity  of  the  shell 
close  to  the  hinge ;  it  is  inclosed  within  a  strong  membranous  partition,  in  the  centre 
of  which  the  mouth  is  seen.  The  intestine  is  convoluted,  and  the  liver  is  large  and 
granular.  All  the  Falliobranchiata  appear  to  possess  two  hearts,  each  composed  of  an 
auricle  and  a  ventricle,  situated  in  the  neighbourhood  of  the  oesophagus ;  they  are  also 
furnished  with  a  complex  system  of  vessels,  which  conveys  the  blood  to  the  organs  of 
the  body,  and  to  the  mantle,  where  it  is  exposed  to  the  influence  of  the  water. 

The  structure  of  the  shell  is  very  peculiar.  It  consists  of  flattened  prismatic  cells, 
arranged  in  an  oblique  direction  as  regards  the  surfaces  of  the  shell ;  the  substance  of 
the  shell  is  traversed  by  small  canals,  through  which  little  processes  of  the  outer 
layer  of  the  mantle  pass. 

These  animals  are  all  marine ;  they  are  found  attached  by  the  peduncle,  which 
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througli  the  «pertur«  in  the  Tentral  Talve,  tuapended  from  roekg,  tcorals,  fflnd 
other  suhmaziiie  objects.  The  fossE  speoies  are  exoeedingly  mEmeroiiSy«$peoiaUy«n 
>fiiex)lder  stfeata,  in  some  of  «rhioh  Hkey  «se  ihe  pzinei^  r^scesentatives  of  iiie  fiol- 
Insooqs  type  of  structixre. 

i]MTMoMs.^The  greater  number  of  the  species  ofihis  class  are  fossil ;  b«t  a  goop 
ma&y  are  still  foimd  in  our  seas.  "W^e  may  distinguish  three  principal  -grou^  «r 
fEuniHes.  In  the][first,  the  OMniida,  the  yentral  Talve  of  the 
shell  is  usually  adherent,  without  the  intervention  of  a 
peduncle,  and  lie  hinge  is  destitute  of  teeth.  The  interior 
of  the  valves  htea  a  broad  graaalitted  border,  and  the  disc  is 
marked  with  four  de^  nmseular  iaipressifms  (Fig.  317). 

In  the  second  group,  the  Tertbratulidmy  ib»  %eak  of  the 

ventral  vs^ve  is  -pierced  wiih  a  hole  for  the  passage  of  the 

peduncle  (Fig.  316),  and  tiie  valves  are  united  hy  a  ^hxBige. 

This  family  includes  the  greater  part  of  the  ispe^ea,  bol^L  of 

recent  and  fossil  Palliobranehiaia. 

In  the  third  group,  that  of  the  LinffuiuhBy  the  animal  is  attached  by  a  pedunele  ; 

but  this,  instead  of  passing  through  an  aperture  in  one  of  the  valves,  issues  fi:om  &e 

tttieiicn:  of  the  shell  between  the  umbones.    The  valves  are  nearly  equal,  kamyt,  and 


Tig,  817.— Crania  per- 
sonata. 


^M^ 


^0^ 


Fig.  318.— Lingula  anatina. 

fleadble ;  and  Ihe  pedunde  is  very  long.    The  best  known  species,  the  Xingula  anaima 
(^i^.  318),  is  found  in  the  Eastern  Ocean. 

Class  V.— Pteeopoda. 

General  Chaxactexs. — The  singular  little  animals  included  in  this  group  present 
many  points  of  resemblance  with  those  of  the  followiug  class,  especially  in  their  young 
state.  Hence  several  naturalists  have  imited  these  animals  with  the  Gasteropoda  in  a 
single  class,  denominated  Cephalophora,  or  head-bearers ;  but  as  the  Ptcropods  differ 
greatly  from  the  other  Oephalophorous  MoUusca,  wo  have  preferred  leaving  them  as  an 
independent  group. 

They  are  all  of  small  size,  and  fiunished  with  a  pair  of  broad  flattened  fins  at  the 
sides  of  the  head,  by  means  of  which  thoy  swim  with  tolerable  rapidity  through  the 
open  sea.  They  are  inhabitants  of  the  oeean,  and  rarely  venture  near  the  shore,  except 
when  driven  from  their  favourite  ha^mts  by  high  winds ;  on  the  high  sea  the^  often 
abound  ia  such  profusion  as  to  colour  the  surface  for  miles  together. 

The  daim  of  many  of  these  animals  to  the  distinction  of  possessing  a  head,  is 
perhaps  a  debatable  point ;  for  a  considerable  mmiber  present  scarcely  aijy  traces  either 
of  eyes  or  tentacles  on  the  anterior  extremity  of  the  body.  In  other  cases,  h(9«revcr, 
these  organs,  especially  the  latter,  are  perceptible.  The  ganglia  are  placed  helow  {he 
(QBB^phagus,  the  sufra-cesc^hagral  •gangUa  being  represented  by  n  slender  ring ;  they 
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all  possess  auditory  Toeicles,  oontaintng  otcdithes.  The  mouth  is  gOBArftUj  xnumiuid, 
sometimes  famished  with  sacking  tentacles,  but  the  cesc^agus  is  moscokr,  aadthe 
tongue  frequently  armed  with  toefb.  The  intestine  is  oonrehited,iiid  the  aaos  nsna^ 
opens  on  the  right  ^Hicfe  near  the  neck.  The  eirfWtoiy  4iy«tem  U  YQtf  incoa^ete ; 
the  heart  is  composed  of  two  ctfi^ties,  and  the  respiratory  organs  are  either  external  or 
inclosed  within «  cavity  of  the  maatle.  The  foot,  which  is  such 
an  important  organ  in  the  foAlowing  clasis,  is  here  either  entirely 
wanting,  or,  if  present,  ^forms  only  a  little  lobe  between  Hko  bases 
df  the  fins. 

Vlyialoiis. — ^We  distinguish  two  orders  of  Pteropoda,  charac- 
terised l>y  the  presence  or  absence  of  a  shell. 

Oabgbr  I.— -Gymnosomata, 

The  animals  of  this  order  are  distinguished  by  the  absence  of 
a  shell,  and  the  distinct  separation  of  the  head  from  the  body.  The 
skin  is  of  a  firmer  texture  than  in  t^e  following  order,  where  it  is 
protected  by  a  shell.  The  species  of  the  genus  Clio  (Fig.  319), 
belonging  to  this  order,  are  found  principally  iu  the  Arctic  and 
Antarctic  Seas,  where  they  occur  in  prodigious  numbers.  So  great, 
in  fact,  is  their  abundance,  that  although  they  do  not  exceed  an 
inch  in  length,  they  furnish  one  of  the  principal  sources  of  the 
noiuishment  of  the  gigantic  Whales.  They  arc  usually  of  a  beautiful  blue  or  violet 
colour,  tinged  with  red. 

ORnraEt  II. — Thsoosomata. 

The  Theeosotnata  are  always  inclosed  in  a  shell,  which  is  usually  very  delicate,  and 
of  a  glassy  transparency.  It  varies  greasy  in  shape,  its  simplest  form  being  triangular 


Fig.  3l9.--Ctto 

aoatTAlis* 


Fig.  820.  Flg.-Ml.  Pig.52£. 

Kg.**».-iSh«UofCleo4or»i»yT«midaU.  Mg.  «2l.— Hyilea. 
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adorned  with  two  or  three  projecting  angles  or  spines  (Fig.  321).  The  liead  is  less 
distinctly  separated  from  the  body  than  in  the  Gpmnosomata ;  the  foot  is  obsolete,  and 
the  respiratory  organs  are  inclosed  within  a  cayity  of  the  mantle. 

Some  of  the  most  beautiful  and  best  known  species  belong  to  the  genus  Hyaiea 

(Fig.  321),  80  called  from  the  glassy  tex- 
ture of  their  shells.  In  Eurybia  (Fig. 
322)  the  animal  and  shell  are  sub-globular 
in  shape,  without  pomts  proceeding  from 
the  latter.  In  a  few  genera  the  shells 
acquire   a  spiral  form ;  thus  in  lAmacina 

_.„„„,.      .         ^    ,.  (Fig.   323),   a  genus  of  njinute  Mollusks 

Pig.  323.— Limacina  rostralis.  I     ^ ,  .      l"    .  \.         .   .  ^      . .    ^         . , 

found  in  the  Arctic  and  Antarctic  Seas,  the 

shell  resembled  that  of  a  little  Nautilus  in  its  form ;  whilst  in  Spirialis,  it  forms  a  little 

pointed  spire,  furnished  with  a  minute  glassy  operculum. 

Class  VI. — Gasteropoda. 

General  CharacteM,— The  most  striking  characteristic  of  the  Gasteropoda  con- 
sists in  the  structure  of  the  locomotive  organ.  This,  which  is  well  shown  in  the 
common  SnaUs,  consists  of  a  broad,  muscular,  disc-like  foot,  attached  to  the  ventral 
surface  (whence  the  name),  upon  which  the  animal  creeps  slowly  along  with  a  sort  of 
gliding  motion.  This  form  of  foot  is  presented  by  nearly  aU  the  animals  referred  to 
this  class ;  although,  in  a  few  species,  it  is  so  greatly  modified,  that  at  the  first  glance  it 
would  not  be  taken  for  the  same  organ. 

The  head  is  always  distinct,  usually  furnished  with  tentacles  and  eyes.  The  opening 
of  the  mouth  is  placed  in  its  lower  surface ;  it  is  often  furnished  with  a  protrusible 
proboscis,  and  armed  with  one  or  two  teeth  or  jaws  inserted  in  its  upper  part.  The 
lower  part  of  the  mouth  and  oesophagus  is  occupied  by  the  tongue,  a  long  ribbon-shaped 
organ,  sometimes  longer  than  the  whole  body,  covered  on  its  upper  surface  with  an 
immense  number  of  minute  silicious  teeth,  which  are  employed,  with  the  assistance  of 
the  upper  jaws,  in  dividing  the  food.  The  arrangement  and  form  of  these  lingual  teeth, 
as  they  are  called,  are  very  constant  in  the  different  groups ;  they  have  been  lately 
employed  as  valuable  characters  in  the  classification  of  these  animals.  The  lingual 
ribbon  is  rolled  up  posteriorly;  and  it  is  supposed  that  it  is  unrolled  and  brought 
forward  by  degrees,  in  order  that  new  teeth  may  take  the  place  of  those  that  have  been 
abraded  by  use. 

The  intestinal  canal  is  usually  simple  and  membranous.  In  some  species,  however, 
the  stomach  has  thickened  walls,  furnished  internally  with  homy  ridges  or  teeth.  The 
intestine  winds  amongst  the  other  viscera,  and  the  anus  is  situated  on  the  right  side  of 
the  anterior  part  of  the  body.  The  liver  is  very  voluminous,  and  usually  envelops 
the  other  intestines ;  and  nearly  aU  the  Gasteropoda  possess  salivary  glands  in  the 
neighbourhood  of  the  mouth. 

Eespiration  is  generally  effected  by  means  of  branchiae,  placed  sometimes  on  the 
surface  of  the  body,  but  more  commonly  in  a  special  cavity  in  the  back  of  the  mantle, 
the  aperture  of  which  is  situated  over  the  neck.  The  margins  of  this  aperture  are  often 
produced  into  a  siphon,  which  projects  over  the  head  of  the  animal ;  the  water,  after 
traversing  the  gULs,  passes  off  by  a  separate  aperture,  situated  on  the  right  side  of  the 
body :  and  this  is  also  siphonate  in  some  instances.  The  branchiae  are  plumose  or 
branched  organs.    M  a  general  rulio,  only  those  of  the  right  side  are  developed  j  but  in   ^ 

Digitized  by  V^OOQIC 


8TRUCTURB  OF  GASTBROPODA* 


437 


some  cases  the  animals  are  symmetrical  in  this  respect.'    In  the  Land-snails,  and  a  few 
fresh-water  Mollusks,  the  respiratory  function  is  p.rformed  by  a  pulmonary  sac, 


vi  ab  b 


Fig,  324.— Anatomy  of  Turbo  Pica. 

Py  foot ;  Of  oporculum ;  t,  proboscis ;  te,  tentacula ;  y,  eyes ;  m,  mantle  opened  longitudinally,  to 
show  the  disposition  of  the  respiratory  cavity ;  /,  anterior  border  of  the  mantle,  which,  in  its 
natural  position,  covers  the  back  of  the  animal,  leaving  a  wide  slit  by  which  the  water  enters  the 
branchial  cavity;  &,  the  gills;  v&,  branchial  vein,  returning  to  the  heart,  c;  ab,  branchial 
artery ;  a,  anus ;  »,  intestine ;  c,  stomach  and  liver ;  w,  oviduct.  On  the  upper  side  of  the  neck 
are  seen  the  cephalic  ganglion,  and  the  salivarv  glands ;  and  at  d  is  shown  a  frinired  membrane, 
which  forms  the  lower  border  of  the  left  side  of  the  opening  that  leads  to  the  respiratory 
cavities* 


hollowed  out  in  the  right  side  of  the  body  near  the  neck,  and  opening  externally  at  that 
point  by  an  aperture  which  the  animal  can  open  or  close  at  pleasure. 

The  heart  consists  of  two  chambers,  and  is  generally  placed  in  the  neighbourhood 
of  the  branchisB.  The  blood  leaves  the  heart  by  a  large  artery,  which  generally  soon 
dividcs^nto  two  branches,  one  running  to  the  head  and  anterior  part  of  the  body,  the 
other  to  the  posterior  organs.  On  its  return  the  blood  does  not  appear  to  be  confined 
within  true  veins  ;  it  flows  through  the  interstices  of  the  organs,  and  is  at  last  collected 
into  particular  canals,  by  which  it  is  conveyed  to  the  respiratory  organs,  whence  it 
passes  again  to  the  heart. 

The  nervous  system  varies  greatly  in  development,  and  in  the  arrangement  of  its 
parts ;  but  in  all,  the  centre  is  formed  by  an  oesophageal  ring  or  collar,  composed  of 
several  ganglia  united  by  nervous  filaments.  The  supra-cesophageal  ganglia  are  some- 
times distinct,  sometimes  fused  into  a  mass  ;  they  always  give  off  the  nerves  of  the 
organs  of  sensation  situated  on  the  head.  The  ganglia  which  supply  nerves  to  the 
foot,  the  mantle,  the  intestines  and  other  organs  of  the  body,  are  connected,  by  pieans 
of  nervous  filaments,  with  the  ganglia  placed  below  the  cesophagus.  The  organs  of  the 
senses  consist  of  tentacles  of  very  various  forms :  of  a  pair  of  eyes,  placed  sometimes 
on  the  head  itself,  sometimes  on  the  sides  of  the  tentacles,  or  supported  upon  separate 
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stfdlsB;  tad  of  a  pair  of  auditory  reasUHeay,  eonlaaaiiig  QtQlitbeB^.gvnenJly  placed  ikear 
the  basa  of  the  tentacles,  and  either  ireiwuiiately  iiLcantoct  tKtbihe  bxassi^  er  connected. 
with  it  t)y  a  short  ncrre.  No  special  organs  of  smell  or  taste  have  been  detected  in  the 
Gasteropoda,  although  wa  may  infinr,  fiwm  tbe  discrimination  exercised  by  the  animals 
in  the  choice  of  their  fo^d,  that  they  are  not  destitute  of  these  senses. 

The  general  form  of  the  body,  in  the  €hi»terqpoda,  is  very  characteristic  of  the  class. 
From  the  great  preponderance  of  one  side  of  the  body  over  the  other,  the  whole 
acquires,  during  growth,  a  spira)  ienft ;  aadlt  is  oaly  in  some  naked  species,  and  in 
those  which  have  branchia  equalff  dcTeloped  on  both  sides,  that  we  find  the  body 
symmetrical.  The  sheUi  with  which  th»  nsmaia  ave  feonNiied,  and  which,  as  in  the 
other  MoUusca,  is  secreted  by  the  edge  of  tha  ffittad^,  parta&es  of  fhis  iotni.  It  is  almost 
always  composed  of  a  single  piece  (univalTe)V.aisd^amAB7forms  a  conical  tube,  twisted 
pirally  (Fig.  289).  This  tube,  however.  Is  rawly  |Wflbet,  the  inner  wall  of  each  whwrl 
as  the  convolutions  of  the  spire  are  termed)  buasg  usuaiBfey  formed  by  the  surface  of  the 
preceding  whorl,  which  the  animal  covers  wii(9b  a  tikkt  coating  of  shelly  matter.  In 
the  majority  of  these  shells  the  spire  tttKses  an  oblique  dbeetion,  so  that  the  shell  has  a 
pointed  apex,  and  goe^  on  increasing  in  breadth  towasda  the  lower  extremity  (Fig.  325). 
In  some,  however,  the  whorls  are  rolled  one  upon  anotheria  the  same  plane,  producing  a 
discoid  shell  (Fig.  326) ;  and  we  meet  with  every  possible  gradation  of  ft)rm  between 
the  extremes  of  obliquity  and  flatness.    In  Scalar ia,  the  tube  ef  the  shell  is  perfect, 

although  the  whorls  are  closely 
applied  to  each  other ;  bat  in 
V«metus  and  some  others,  the 
sheU  forms  a  simple  more  or 
less  contorted  tube.  The  same 
thing  occurs  in  monstrous 
varieties  of  regularly  ttpbcsl 
shells ;  and  a  few  speeies  which 
inhabit  a  spiral  sfcdl  untU 
they  attain  a  certain  size, 
aftWwards  add  to  it^bf  ftm- 
ing  a  straight  tube  of  tile 
diameter  of  the  apertore.  As 
the  rig&t  side  of  the  €fm8Ur[>- 
poda,  is  a^noest  ahrsya  &e 
largest,  the  cosvexity  of  the 
spire  is,  of  eonxrse^  tvriMd 
in  thia  diireetiotty  aad  &e 
shells  follow  the  same  rule.  These  normal  shells  are  called  degifai;  iar  a  few 
^cies,  however,  and  in  some  monstrosities  of  ^xtral  species,  th^  ajire  tamm  kt'ihe 
op^site  direction :  these  are  called  mnstral  shdls.  In  ^e  tvuly  s^inl  stells^  ttte 
pdrogressive  winding  of  the  ttibe  produces  a  more  or  less  dk<dntt  Gsesfcnd  taSa^  ev  ^^ar, 
(^iSQed  the  eohcmeiiaj  which  runs  from  the  base  to  the  apes  ef  tbe  ah^^  joii^  foonBs 
the  inner  margin  of  the-  aperture  &om  which  the  animal  pvetrodes^  when  in  metiev. 
Thi»  pillar  is  usuially  hollow,  atad  terminates  at  the  base  of  the  G^iiell  by  a  smtSl  openiag^, 
di99ed  Sie  mi$ilieusi  The  maiFgins  of  the  aperture  are  eaUed  the  tips",  iSkctn^krUp 
9t^tm)  ^ms  the  convexity  of  the  shell ;  tiiie  inner  Up  (fa^um)  iawiffiiijr  fctenfld  bf  the 
dikimelia,  tm$  k  hence  denominated  the  eohtmdiar  Up.    The  two  li^  are  a 


Rgr.  S25.-.Pimia. 


Fig?.  826.— AmpuUaria. 
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pnAsoed  iato  a  MBsL    T^jiuMlamof  iheoateI^witi)LtiwpBeoedw|^^^ij^ 
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o«hir  Mp  i&  fimpiand^  zeftexed,  or  furnished  with  spines  or  tubercles ;  its  margin  is 
siTWuiiB  in  tpgnfldi  iaiseaxdi^  and  both  lips  are  not  unfreq^aenlil^  fluimshed  with  teeth  or 
otfMr  ppBDJeetioau  oa  ib»  vm.de.  The  last  whorl  of  the  sbeH  is  eaJkd  the  bodi/  whorly 
fratti  its.  neeiyng  tivs  body  of  the  animal  when  retracted.  The  remaining  whorls 
form.  ^0  JSnW;  and  the  impressed  line  which  separates  the  whorls  is  the  mturt, 

A  grost  iwadber  of  tiie  Gasteropoda  dose  the  aperture  of  their  shell  with  a  smaD 
homy  or  cofcaraona  pihite^  called  the  op«reulumy  iMek  JB  attached  to  the  hinder  part  of 
dfea  ibot^  mad  ia  cbDawn:  into  the  mouth  of  the  shell  by  the  contraction  of  the  animal.  It 
iaaeen  in  ifte  young  aaiinal  whilst  still  in  the  egg ;  and  this  forms  the  nucleus  of  all 
fsv^MBqasiA  growth.  It  Taries  greatly  in  its  form,  being  sometimes  composed  of  con- 
9  layers,  sometimjes  spiral,  sometimes  oval  or  sub-circular,  with  the  nudens  placed 


a  a  b 

Fis.  328.^Foms  of  opcrcala.    a,  spiral  {Turho) ;  h^  lamellar,  \rith  MacgHittl Bnu^ftra^  ( JOirex) ; 
f,  appwdiculate  {Nerita). 

at  one  side,  or  at  the  extremity  \  sometimes  irregular  in  formy  oe  fumi^ad  inth 
apjpendages  (see  Fig.  328). 

Most. of  the  Oasteropoda  are  strictly  oviparous  animals;  but  a  few  are  oro^Yvd^feamvui ; 
the  eggs  being  retained  in  the  oviducts  until  the  exclusion  of  the  young,  and  even  until 
these  have  attained  a  considerable  development.  The  sexes  are  generally  cat  senate 
individuals,  but  a  considerable  number  are  hermaphrodites ;  these,  however,  require 
mutual  impregnation  to  fertilize  the  ova.  The  orifices  of  the  generative  organs  are  usually 
situated  on  the  right  side  of  the  body,,  in  the  neighbourhood  of  tho  anus.  The  mode 
in  which  the  orm  «c»  deposKtod,.  ta/i  their  aaaapgeinenty  bftve  already  been  briefly 
referred  to  (see  page  416.).  The  young  Mollusk  is  always  proTided  with  a  shell  whilst 
in  the  egg ;  this,  however,  is  cast  off,  soon  after  hatching,  by  most  of  the  naked  species. 
The  young  of  the  air-breathing  species  resemUo  their  parents  in  every  respect  except 
size ;  but  those  of  the  branchiferous  species  are  furnished  with  a  pair  of  fin-like  expan- 
sions,, resembling  those  of  the  Pteropoda^  by  means  of  which  they  swim  £:ccly  through 
the  water. 

Ziiwiaiona. — The  Gasteropoda  may  be  divided  into  two  sub-classes,  the  Seteropoda 
and  the  Gasteropoda  proper  ;  the  former  including  only  a  single  order,  whilst  the  latter 
are  divided  into  two  gr^at  orders,  called  Branchifera  and  PUlmont/era,  from  the  nature 
iftffcit  mpeetiro  iwi^iTaftory  organs^ 

Srs-^ijis&  AND  Oju>b&  I. — ^HsTKaOPODA. 


i«M]iGteiMtrakr-.TlieaBinBlaof  tikis  groap^  the  .S^neJ^virMffAiaAf  of  aent 
astiMirs,  ara  all  inhabitattts  of  the  oeean,  where  they  swim  about  rapi^yv  the  <dbale 
atrndwra  c^teit  bodtea  beimg  adapted  paztiealariy  to  Ihia  mode  of  existonoa^  ThajGrai, 
when  present,  is  oanvartacl  iatei  a  kroad,  flafeteiMd,  ftn^kika  orgm  (Fig..  328)«  liuBidiad 
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with  a  small  lucker,  by  whidi  the  animals  adhere  to  floating  sea-weeds.  The  whole 
body  is  usually  compressed ;  and  it  is  by  the  fin-like  action  of  the  tail  that  the.crea* 
tures  swim.    The  head  is  distinct,  and  usually  furnished  with  a  pair  of  tentacles  and 

eyes;  the  mouth  is  gene* 
rally  furnished  with  a  long 
proboscis.  In  the  typical 
forms,  the  intestines,  with 
the  heart  and  generatiye 
organs,  are  collected  into 
a  mass  on  the  back  of  the 
animal ;  this  is  inclosed  in 
a  shell,  round  the  interior 
of  which  the  comb-like 
branchisD  are  situated. 
The  animals  are  usually 
of  a  transparent  gelatinous  texture;  they  swim  with  the  back  downwards,  and 
appear  to  feed  upon  minute  marine  animals. 

DiTiaions.— In  the  Atlantida  (Fig.  330),  the  shell  is  spiral,  and  large  enough  to 
contain  the  whole  animal  when  contracted ;  and  the  gills 
are  contained  in  a  regular  branchial  cavity.  They  often 
possess  a  delicate  operculum. 

The  FiroUda  are  either  entirely  naked,  or  furnished  with 
a  small,  conical,  keeled  shell,  which  incloses  the  intestinal 
nucleus  (Fig.  329).     The  Firoke  are  destitute  of  a  shell. 

The  Saffittida  form  a  third  small  family,  whose  title  to 
this  position  is,  however,  by  no  means  certain.    They  are 
little,  fish-Like  animals,  furnished  with  one  or  two  pairs  of 
fin-like  organs  on  the  body,  and  with  a  broad  and  usually 
bilobed  caudal  fin  (Fig.  331).    The  head  is  distinct,  and  the  mouth  armed  with,  several 


Fi?.  329.— Carinaria. 


v: 

Fig.  330.— Atlanta  Kerandreni. 


Fig.  831.— Sagitta. 


pairs  of  lateral  hook-like  jaws.  They  are  of  small  size,  and  swim  with  great  rapidity. 
They  have  hitherto  been  found  principally  in  the  North  Sea  and  in  the  Mediterranean. 
The  name  of  Sagitta^  given  to  these  animals,  refers  to  their  arrow-like  appearance. 

Sub-class  II. — Gasteropoda  pbopeb. 

In  the  true  Gasteropoda^  which  exhibit  the  structure  of  the  foot,  and  the  general 
structure  of  the  body,  already  described  as  characteristic  of  the  class,  we  distinguish 
two  great  orders, — the  Branchifera,  furnished  with  gills,  and  the  Pulmoniferay  which 
respire  by  pulmonary  sacs.  Besides  this  important  difference  in  structure,  the  branchi- 
ferous  Gasteropoda  pass  through  a  distinct  larval  state ;  usually  issuing  from  the  egg 
in  a  very  different  form  from  that  they  are  ultimately  to  assume,  as  already  described 
at  page  439.    The  pulmoniferous  species  undergo  no  metamoiphosiB. 
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Order  II. — Branchifera. 

"  The  general  charaoters  of  this  group  are  given  above.    It  is  divided  into  two  sub- 
orders, characterized  by  the  position  of  the  branchis. 

Sub-order  I. — Opisthobranchiata. 

Oeneial  Cliazactezs.— In  the  animals  forming  this  sub-order,  the  branchisB  are 
not  generally  inclosed  within  a  cavity  of  the  mantle,  but  more  or  less  exposed  on  the 
back  or  sides  of  the  animal,  generally  towards  the  posterior  portion ;  and  the  auricle  of 
the  heart,  which  receives  the  blood  from  the  gills,  is  placed  behind  the  ventricle*  All 
these  animals  are  hermaphrodites ;  few  of  them  arc  inclosed  in  a  shell;  some  have  an 
internal  shell,  but  the  majority  are  naked. 

DiTiaioiUk— This  sub-order  includes  two  principal  groups.  In  the  first,  the 
T^ibranehiata,  the  animals  arc  generally  furnished  with  a  sheU,  and  the  branchisB  are 
covered  either  by  the  shell  or  the  mantle.  The  BullicUe,  or  bubble-shells,  have  a 
delicate  cylindrical  or  globose  shell,  which  is  more  or  less  inclosed  within  the  mantle ; 
the  head  is  flat,  with  broad  tehtacular  lobes ;  the  foot  is  large,  and  often  furnished  with' 
lateral  lobes,  which  the  animal  is  said  to  use  in  swimming ;  the  gill  is  single,  placed 
on  the  right  side  of  the  back,  and  concealed  by  the  sheU.  They  are  carnivorous  in 
their  habits,  and  are  furnished  with  a  gizzard,  in  the  walls  of  which  several  calcareous 
plates  are  imbedded. 

In  the  AplysiacUB  the  shell  is  either  absent  or  rudimentary.  The  animal  is  slug-like 
in  its  form;  the  head  is  distinct,  and  furnished  with  tentacles  and  eyes,  and  the  sides  of 
the  mantle  are  very  large,  and  reflected  upwards,  so  as  to  cover  the  back  and  branchial 
plume.  The  tentacles  are  turned  back  like  ears ;  whence  the  name  of  sea-hm-es  com- 
monly applied  to  these  animals.  They  live  upon  sea-weeds,  from  which  they  derive 
their  principal  nourishment,  although  they  also  feed  upon  animal  substances.  When 
alarmed  or  molested,  they  emit  a  violet  or  reddish  fluid  from  the  mantle,  which  was 
long  supposed  to  be  of  a  poisonous  nature ;  although,  according  to  recent  observations, 
it  is  quite  harmless. 

The  Iteurobranehida  are  also  usually  furnished  with  a  shell,  which,  however,  is  often 
concealed  by  the  mantle ;  the  foot  is  usually  very  large,  and  the  feather-like  giU  is 
concealed  between  a  fold  of  the  mantle  and  the  foot.  The  shell  is  sometimes  limpet- 
like in  its  shape ;  one  of  them,  inhabiting  the  Indian  and  Chinese  Seas,  is  commonly 
known  as  the  Umbrella  shell.  The  PhylUdtda  are  nearly  allied  to  these,  but  have  no 
shell,  and  the  branchue  are  placed  on  both  sides  of  the  body,  beneath  a  fold  of  the 
'mantle. 

In  the  second  great  group,  the  Ifudibranehiata,  the  animals  are  shell-less,  and  the 
branchiae  are  placed  on  the  back  or  along  the  sides  of  the  body,  without  any  covering. 
These  animals  are  also  hermaphrodites.  These  elegant  and  delicate  little  creatures, 
which  are  often  adorned  with  the  most  pleasing  colours,  are  generally  found  near  the 
coasts,  crawling  upon  sea-weeds.  They  are  very  carnivorous  in  their  habits,  feeding  prin- 
cipally upon  zoophytes.  A  most  admirable  monograph  of  the  British  species,  by  Messrs. 
Alder  and  Hancodk,  has  been  published  by  the  Ray  Society.  The  Nudibranchiate 
Mollusks  are  distributed  into  three  families.  In  the  JBolididay  the  branchias  are 
ammged  along  each  side  of  the  back,  which  is  also  furnished  with  peculiar  appendages, 
into  which  processes  of  the  liver  and  stomach  pass,  and  the  tentacles  are  not  retractile. 
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These  animals  generallj  resemble  little  slugs,  with  tufts  of  filaments  along  the  sides 


Fig'.  333.*^IauoaB 
If'orsterL 


Fig.  382.— .Eolis. 
(Fig.  332)  ;  But  some  species  present  a  very  singular  appearance,  harnxg  the  Body-  jerj 

slender,  and  the  gill  tufls  supported  at  the  extremities  oflJEiterfll  fixrt- 

stalks  (Fig.  333).  The  Tritoniida  often  resemble  the  preceding  in  ap- 
Z^  pcarancc,  but  they  are  destitute  of  the  coecal'  prolongations  of  t&ein- 

tcstincs,  and  have  the  tentacles 

sheathed  apd  retractile.    The 

JDoridiC   are    generally   of   a 

broader  f6nn  and  larger  size 

than  the  ftTiimftlg  of  the  pre- 
ceding families,   from  which  Fig.  334.— Doris. 

they    are     distinguished    by 

having  the  branchise  placed  in  a  circle  on  the  back,  generally 
towards  the  hinder  parts.  The  bronchia:  are  elegant,  arborescent  organs ;  ^e  foot  k 
much  smaller  than  the  mantle. 

SUB-QBDEB,  II. — PbOSOBILANCHIATA: 

Oeneval  Cniasaetenk — ^This  sub-order  is  far  more  eztensiTC  than  the  preoeding^ 
and  the  characters  by  which  it  is  circumscribed  are  for  more  distdnet.  All  the  aaiBali 
referred  to  tiiis  group  possess  a  shell,  within  which  tiiey  can 
usually  retract  themselves  entirely  at  pleasure,  and  this  is 
almost  always  of  a  spiral  form ;  the  mande  forms  an  arched 
chamber,  immediately  over  the  neck,  in  which  the  braacbioe 
are-  situated,  together  with  the  orifices  of  the  alimantaay  and 
generative  organs ;  and,  as  a  necessary  consequence  of  this 
anterior  position  of  the  gtUs,  the  blood  flows  back  towards 
the  heart,  and  the  auricle  of  the  latter  organ  is  placed  in  front 
of  the  ventricle.  The  sexes  are  almost  always  distinct,  and 
nearly  all  the  species  are  marine. 

SMvlsioiis* — ^The  J^^-^gohrtMchiaitf  mmy  bo  divided  into 
three  principal  grosps.  In  tho  first,  the  CirrltobranohMtay 
including  only  a  single  family,  the  jDentaliidcBy  or  tooth^aJielU, 
the  animal  is  so  anomalous  in  its  form  that  it  was  plaeed 
by  Ouvier  vuk  other  observers  mongsl.  the  Annelides.  The 
shell  is  tuimlar,  gradually  tapaskig  from  one  aid  to  tike 
others  and  gently  cunred  tinrougfaMit  its  whal*  kngtiz,  so  ae 
to  hare  the  appeoarance  of  a.niiniatitre  Elephaaf  s  tmsk  (Fig. 
3d6) ;  henec  tiie  eommonflst  species  {Dentalmtm  mtaHa)  ia  popu- 
ladjT  dsBomiiMited  the  SepbAnt's  tooth.  It  has  an  ap«octBre 
at  eaeh  end,  l&at  at  the  narrower  extremity  being  very  smalL  The  nnimiili  (Fig.  Stf}^ 
hftbit£ng  this  aUi  is  of  &  oyliBdricdl  fQii%  incksad  in  &  aae4ac&  aifti^ 
eiUemitjF  of  iHnch  tiie  tip  o£tii6  f cot  i» prolraded.  The  head  is  situateil «l  tkinid^ 


.-•'^ 


Fig.  335.— Animal  of  Den- 
taliom,  with  tiie  nite- 
rior  pavt<tf  the  nantie 
removed. 

a,  foot;  5,.V'aai«Ste.iriUi 
the  head  beiwMB  taeia  \ 
c,  anal  taberde. 
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oil  tito  vpper  p»ir of  Ifte  hed^j  trnM^mmak  aiA^of'  iiflvoifett  sjiMneteiflal  esrruB-Ske 
Inmftcluflfti    'Fh&mtoB  opem  at  ift»  pDaftenar  jeffr  of  tfte^  IStody.    The  BmUiHiidm  are 


Ffig:.  SSG.—DentBtfinii,  with-  foot  protruded. 

OBMarogMxa^  feeding  nqpoiL  niimte  laariat  aaknaK  Tk^  lUre  n  sand  or  iiiud». in  which 
t]»7'  bwrj  tkemadTea  bj  means  of  the  foot;.  A  9»ttd  many  s^teios  are  known,  of 
which  %emsuil  ii^iatbk  the  Biiti^  aeaa. 

In  the.  Q)fv/!airdm«^M^a  the  branfihw  are  nsneualjiy.plaeed  aU  round  the  body,  in  the 
space  between  the  margin  of  the  foot  and  the  mantle,  although  in  some  species  they  aie 
situttted  in  a  cavity  over  the  meek.  The  PiUiUidbs^  er  Limpets,  -may  be  considered  as 
the  typee  of  thie^  gtoup ;  thejf  aae  iaelesed  in  a.  oonical  shell  {F,ig,  a37),  the  interior  of 


HflT.  SSr.— Limpet  (P&MIr). 


Fiy.  388.— Chiton. 


which  is  entirely  occupied  by  the  animal;  the  foot  ia  very  large^  and  by  moans  of  it 
the  Limpet  fixes  its.  little  residence  so  firmly  to  rocks  and  other  objects,  that  it  is  not  to 
be  detached  without  groat  difficulty.  They  feed  on  vegetable  matters,  and  occur  in 
great  abundance  in  many  situations ;  they  are  often  used  as  food  by  the  poorer  classes, 
and  are  also  collected  in  great  numbers  for  baits.  The  Chitonidac  resemble  the  Limpets 
in  the  situation  of  their  branchiae ;  but  these  organs  only  run  round  the  posterior  part 
of  the  body.  The  shell  in  the  Chitons  (Fig.  338)  is  composed  of  eight  calcareous  plates, 
overlapping  one  another  at  the  edges,  and  united  by  a  strong  leathery  mantle,  which 
forms  a  border  all  round  the  shcU.  They  a^ere  to  rocks  like  the  limpets.  Our 
Biitish  species  are  all  small ;  .but  many  tropical  species  attaim  a  eonsidersble  SKze,  aad 
of  these  the  muscular  foot  is  often  eaten  by  the  natives  of  the  countries  in  which  they 
occur. 

The  Feetimbranehiata  exhibit  the  characters  of  the  -sub-order  in  their  greatest  per- 
fection ^  the  branohise  are  usually  single^  and  inclosed  in  a  eavity  over  the  neck  of 
the  animal. 

^The  VijdifptrauLa  have  a  Limpet-like  shcH,  which  is  usually  semicwhat  spiral  at  the 
i^pex,  and  frequently  furnished  with  a  sort  of  shelf  of  shelly  matter  in  the  interior^ 
They  appear  to  pass  a  perfectly  sedentary  life,  attached  to  stones  and  rocks,  to  the 
irregularitiM  in  the  surface  of  which  their  shells  usually  adapt  themselves.  In  tho 
SaHotiAe  the  spiral  conformation  of  the  shell  goesii  little  further,  and  there  is  a  per- 
foration or  notch  for  the  passage  of  the  anal  siphon  at  the  posterioK  margin.    In  the 
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common  Ear-shells  these  perforations  arQ  arranged  in  a  row  along  the  back  of  the  shell. 
The  animal  has  a  short  muzzle  and  two  branchial  plumes.  The  FiuureUida^  which  are 
nearly  allied  to  these,  haye  a  shell  closely  resembling  that  of  the  Limpet  in  form,  but 
perforated  at  the  apex  for  the  passage  of  the  anid  current. 

The  family  latUMnida  contains  a  few  species  of  oceanic  JfoUuscOj  idiich  possess  a 
shell  almost  exactly  resembling  that  of  a  common  Land-snail;  it  is  of  a  delicate 
texture,  deep  yiolet  at  the  base,  and  with  the  spire  white.  The  animal  has  two 
branchial  plumes,  a  muzzle-shaped  head,  with  tentacles,  but  without  eyes,  and  a  very 
small  foot,  which,  however,  secretes  a  remarkable  structure,  considered  to  be  the 
analogue  of  the  operculum.  It  consists  of  a  large  raft,  composed  of  numerous  homy 
vesicles  filled  with  air,  to  the  under  sur&ce  of  which  the  animal  attaches  its  eggs,  and  thus 
floats  about  at  the  surface  of  the  water,  being  supported  by  the  buoyancy  of  the  float. 
The  lanthinida  are  carnivorous  animals ;  Ihey  often  occur  in  vast  numbers  in  the 
Atlantic,  and  are  sometimes  driven  by  stress  of  weather  upon  the  southern  shores  of  our 
island. 

In  the  Natieida  the  shell,  which  is  globular,  composed  of  few  whorls,  and  opening 
with  an  entire  aperture,  is  partially  inclosed  in  the  mantle ;  the  foot  is  very  large^ 
furnished  in  front  with  a  broad  lobe,  which  conceals  the  head,  and  behind  which  the 
tentacles  rise.  The  mouth  has  a  long  retractile  proboscis,  and  the  animals  are  carni- 
vorous in  their  habits.  They  are  all  marine.  In  the  Turbiniday  the  shell  is  more  or 
less  conical  or  pyramidal,  generally  with  a  distinct  umbilicus  (Fig.  289),  and  the 
aperture  is  closed  by  a  spiral  operculum  (Fig.  328  a).  The  animal  has  a  short  muzzle  ; 
the  tentacles  arc  long  and  ^slender,  with  the  eyes  supported  upon  short  footstalks  at 
their  bases ;  the  sides  arc  frequently  furnished  with  tentacular  cirri,  and  the  branchial 
plume  is  single.  The  shells  are  generally  pearly  in  the  interior.  These  animals  are 
very  numerous,  and  widely  distributed ;  they  are  all  marine,  and  feed  on  vegetable 
substances.  The  pyramidal  Trochi,  or  top-shells,  are  very  common  on  all  our  coasts. 
Nearly  allied  to  the  TurhinicUe  are  Ihe  Nen'tida,  a  small  family  of  Mollusks,  fur- 
nished with  a  thick  and  somewhat  globose 
shell,  with  a  smaU  spire  (Fig.  339),  and 
the  margins  of  the  aperture  turned  in  and 
toothed. ,  The  columellar  lip  has  a  pro- 
jecting plate,  behind  which  the  inner  walls 
of  the  spire  are  removed ;  so  that  the  inte- 
rior of  the  shell  presents  a  simple  cavity. 
The  animals  have  a  broad  foot,  a  broad 
muzzle,  and  very  long  tentacles,  at  the 
^  base  of  which  the  eyes  are  placed  upon 

«.    — «    *,    ..      „x  short  footstalks.  Most  of  them  are  marine ; 

Fig.  339.— Nerite  polita.  ,    .  ^x.     nr    w       •  v  vi.   xu.  i! 

but  one  genus,  the  Nertttna^  inhabits  n^sh 

water.    The  mouth  of  the  shell  is  closed  by  an  appendiculate  operculum  (Fig.  328  a). 

In  the  large  family  of  TurriteHidce^  the  shell  exhibits  a  great  variety  of  form,  being 

sometimes  semi-globular,  with  a  short  spire,  or  even  discoid,  and  sometimes  much 

elongated  and  tapering  gradually  to'the  apex.   The  aperture  is  entire,  and  closed  by  an 

operculum,  which  is  usually  homy  and  spiral.    The  animal  has  long  slender  tentacles, 

which  usually  bear  the  eyes  on  their  outer  surface,  at  or  near  the  base.    The  head  is 

generally  short  and  broad,  without  a  proboscis,  and  the  rows  of  teeth  on  the  lingual 

ribbon  are  arranged  in  rows  of  seven. 
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Most  of  these  animals  are  marine,  but  several  goiera  are  found  in  fresh  water ;  of 
these  the  FaUtdina  vimpara,  which  is  common  in  Britain,  is,  as  its  name  implies,  yivi- 
parous,  the  young  being  hatched  and  retained  within  tho  oviduct  until  they  have 
attained  a  considerable  development.  The  AmpullaruB  are  furnished  with  a  long 
siphon.  They  also  inhabit  fresh  waters,  and  often  possess  beautiful  shells  (Fig.  326). 
The  conmion  Periwinkle  {Littorina  littorea)  also  belongs  to  this  family.  '  In  the  genus 
Vermetus  and  its  allies,  the  whorls  of  the  spire  are  separated  for  the  greater  part  of 
their  length,  giving  the  shell  the  appearance  of  a  twisted  tube ;  from  this  circum- 
stance they  were  referred  to  the  Annelides  before  the  animal  was  known. 

The  Cerithiida  have  an  elongated  spiral  shell,  with  the  outer  margin  of  the  aper- 
ture more  or  less  dilated,  and  the  base  produced  into  a  slight  siphonal  canal  (Fig.  340). 
The  aperture  is  closed  by  a  homy,  spiral 
operculum.  The  animal  has  a  short 
muzzle,  and  long,  slender  tentacles, 
having  the  eyes  on  the  outside,  at  a 
short  distance  from  the  base.  In  the 
Apwrhdia  pea  pelecanif  the  margin  of  the 
aperture  is  much  dilated,  and  the  siphonal 
canal  very  distinct,  forming  a  transition  to  the  next  family. 

The  animals  of  the  following  families  are  aU  carnivorous  in  their  habits ;  they  have 
spiral  shells,  with  the  aperture  notched,  or  produced  into  a  canal  at  the  anterior  extre- 
mity.   They  are  all  furnished  with  a  retractile  proboscis. 


Fig.  340. — Cerithium  granulosuin. 


Fig.  341.— Strombus. 

The  Strombidas  have  the  outer  lip  of  the  shell  much  expanded,  and  notched  in  the 
neighbourhood  of  the  siphonal  canal ;  the  operculum  is  elongated,  and  ^toothed  along 
the  outer  margin.  The  foot  is  narrow,  and  ill  adapted  for  creeping ;  but  the  animals 
are  active,  and  leap  welL  The  proboscis  is  long  and  thick;  the  eyes  large,  and 
supported  upon,  long  stout  footstalks,  from  the  sides  of  which  the  short  tentacles  take 
their  rise.  The  operculum  is  borne  upon  a  curious  process  of  the  foot  (see  Fig.  341). 
The  dilated  margin  of  the  aperture  is  often  singularly  toothed,  or  furnished  with  large 
i^iiies,  as  in  the  well-known  Scorpion-shells  {Pteroccras),  The  Strombida  feed  princi- 
pally upon  cairion,  and  many  of  them  are  of  large  size. 
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in  i^  TBst  family  d£  itfartntte,  iiifaeoaterinsc^  of  tbejBkeilis  sitt  notcfasd  near 
tke  canal;  &e  canal  itself  is  mamiiiuMis  »yodaeid  in  a  line'^tb  ^e  ajEsi  ^  tii«  tdMH, 
.and  sometiBieB  reflexed.  The  jonmal  Jm  m  long^rabosciB,  wi&.  'wiuch  k  ham  ikani^ 
Hie  sheik  of  other  Jfb&tmB,  cftioitish -tontKcles,  vfaidimnrttimeslraMr  iin  eyea,  vnA  a 
broad  foot  adapted  far  cra^?iing.  The  ItHrkUm  <aro  all  ttarme,  piedato^  ankavk. 
Their  shells  arc  generally  Qmamented  mth  i^ea  (fig.  29iQ,  whadi  vlften  aasome  Ae 
most  singular  foims.  Many  of  the  esotic  ^ecies  aM  of  cxoeedingly  beaaittfcd  orieus, 
and  some  are  of  considerable  valne.  Ibe  large  Hdmet-shells  {Ca»8i^  4iEre  amdi 
employed  in  the  mann&ctsre  vf  cameos;  some  of  i;he  ^oies,  sndh  as  the^'WlnflBs 
{Bueeinum\  are  eaten ;  and  it  is  snfposed  that  tiieeelctoKted^purj^le  dye^i^  ancients 
was  obtained  from  some  jhlolhiak  .bdtdnging  to  this  iuiAf,  In  tiie  neaidy-aliied  isaa^, 
VoliUida,  which  also  contains  many  elegantly-^na^ed  shells  (Fig.  S42),  liie  otfUr 
margin  of  the  i^>0rture  is  not  Vcflexed,  the  canal  iff  redueed  to  a  notch,  and  Uie  imrar  1^ 
is  plaited.  The  shell  is  more  or  less  enveloped  in  the^  mantle ;  the  foot  is  broad,  attd 
bears  no  opercuhim.  These  animals  resemble  i^Q  Mmneida  in  tlreir  habits ;'  Ihey  opb 
found  ,principa%^  in  the  tropical  seas. 

The  beautiful  animals,  forming  the  family  Conida,  are  nearly  alMed  Id  tiife  ^recediBg. 
Their  shells  ar3  of  a  reversed  conical  form,  beoomkig  broads  towards  theapezi  'tibe  spiie 
being  often  quite  flat ;  the  apertnre  is  long  and  aarrow,  and  l&e  operculum  is  very  aittiffl. 


Fig.  313.--^i?ypn»tigris. 


Fig.  342.— Yokita  undulata.  FJ«.  444.— Mutt  Pypnea. 

3Qie  teeth  on  ^e  linguil  ribbon^aae  arranged  in  pans.    ThesevieesEoeedin^^rfnAfbory 
animals,  which  are  said  to^bite>B?ca»ly  when  tondbed.    aimyof  the^ihdia* 
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Ingly  elegant,  and  jsome  of  the  rare  species  have  realised  almost  fSabalons  prices.  In  the 
Cypraidce,  one  species  of  which,  the  Offprnea  tigris  (F%.  943),  is  so  common  that  it  mnst 
l>e  fkiBalin:'>to  every  ;one,  the  cdiell  presents  a -rerydifferei]^  appfiaxmBce  at  different  ages. 
'In  the  3^(ning.stete  it  is  distmetly  qairal,  -with  a.  ^ain  outer  iip ;  bi:^  as.  it  in^ieases  in 
^Eige,  the  idioda  are  bron^  into  the  same  plane,  and  in  eeaxse  of  time  the  spire  is 
mnalfy  entirdy  concealed.  At  the  aame  time  the  outer  lip  heeomes  thiokenod,  turned 
.in  anddentaited,  prodizcii^  the  appeazonee  ^lown  at  Eig.  344.  The  animal  greatly 
resembles  ^ot  of  the  V^obdUm;  i)attihen2fl2iile  usually  covers  neaxiy  the  whole  of  the  . 
flliefl,-iBd  -depositB  upon  its  sui&ce  the  enamel  whieh  c(mtzibutes  ao  much  to  the  beau- 
1>ifal  appefirmce  flf  &ese  diells.  The  Cfprtmda  are  found  in  great  abundance  in  the 
sees  «ff  &e  tropical  pasts  «f  Ihe  wetrid ;  many  of  them  are  much  sought  after  by 
ooBefltors,  and  several  tvf  ihe  smaller  species  are  applied  to  ornamental  puxposes  by  the 
natifW  of  tiie  countries  wh^pe  tbey  aze  found.  The  CyprxBa  fffMseto,  or  Mo«ey-oowry, 
stands  in  Heu  of  opin  with  the  negroes  of  Western  Africa  ;  and  other  secies  are  made 
use  of  in  the  same  way  amongst  immvilised  :peop2e. 

OkDEI^  III — .PULMOiilfEBA. 

She  PuknonifiBToas,  «r  air^breatiiing  Molkuta,  inoludiiiig  the  land  snails  and  their 
aUieB,  aro^istiBgniahod,  as  we  have  already  stated,  not  ozdy  by  the  structure  of  their 
Tflipnatory  organs,  but  alsoby  t^ieir  young  being  <hat(ihed  in  a  foxm  dosely  resembling 
tfcat  ^  the  pareoxtB. 

Mwfaimuk-^flSiey  «ce  divided  into  two  gveat  groups,  the  opereulaied  and  the 
^^fopm-aUtOed  JPtifynemfira, 

The  operoulated  species  form  only  a  single  family,  the  Ot/oloatofnidaf  composed  of 
snaal-Uhe  ammals,  with  thin  spiral  shells,  of  which  the  margins  are  usually  reflexed 
aU  rmmd.  They  have  only  two  tentacles,  wUJi  the  eyes  inserted  in  their  basal  portion. 
The  Cyeloatomidce,  also,  differ  from  the  majority  of  the  J^nwnifera,  in  being  unisexual. 

Of  the  inopercnlated  section,  ihe  c6mm<m  land  pnails  may  bo  taken  as  the  type. 
They*ibrm  the  family  Edidda,  characterMied  by  their  ample  external  shell,  within 
whidithe  animal  can  retract  itself  entirely,  and  by  tlieir  possession  of  four  tentacles, 
upon  the  summits  of  .the  longest  of  which  tho  eyes  are  situated.  This  is  a  very  extensive 
fennily  Of  herbivteons  M^dlusks,  which  are  found  in  .great  abundance  in  all  parts  of  the 
world. 

The  LtmaeidoB,  or  SlugSj  resemble  the  snails  in  the  fbrm  of  the  body,  in  the  number 
and  Btmcture  of  the  tentacles,  and  in  th^ir  habits;  but  their  shell  is  very  small  or  rudi- 
mentary, and  .usually  concealed  in  the  interior  of  the  mantle.  The  little  family  Oncidiida 
consists  of  small,  sbig-like  animals  (Fig.  345),  covered  with  a  leathery 
mantle,  but  quite  destituteof  a  i^ell.  The  head  is  furnished  widi  either 
two'or  four  tcntades.  They  are  generally  found  in  marshy  place 
upon  aquatic  plants;  but  some  of  them  inhabit  the  sea-coast,  within 
Toaeh:  of  the  waves.    IThey  are  mastiy  inhabitants  of  warm  climates. 

In  the  Limnoiidce,  or  Pond  Sntdls  (Fig.  7),  the  shell  is  simple ; 
liut 'tile  tentacles  are  only  two  in  number,  with  the  eyes  aessile  near 
their  bases.  .The  shell  is  thin  and  homy,  with  Htb  apextsre  simple  ; 
whiiatia  fb»-Aurumlidas,  whieh  frequently  inhabit  the  aeandioro,  the 
MkdX  mmtvuih.  ttconger,  with  the  margins  of  the  apectnre  thickened 
«ad3ictriiBd.  'hi  these  the  tentadcB  are  abo  two ;  but  tite  ^ycsare  situated  on  the 
head. 
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Class  VII.— Cbphalopoda. 

General  Chazacten. — ^In  their  structure  and  habits  the  aiiiinals  forming  this 
class  present  a  considerable  advance  upon  the  other  MoUtuca — an  advance  so  great,  in 
fact,  that  by  several  zoologists  they  have  been  regarded  as  forming  a  distinct  primary 
division  of  the  animal  kingdom.  This  view  is  supported  by  the  presence  of  a  rudi- 
mentary cartilaginous  cephalic  skeleton  in  these  animals,  and  also  by  a  peculiarity  in 
the  development  of  the  embryo,  which  is  not  effected  as  in  the  other  MoUusea. 

Their  most  striking  character  is  afforded  by  the  locomotive  organs,  which  consist  of 
a  circle  of  tentacles,  or  arms,  arranged  round  the  head,  and  furnished  on  their  inner 
surface  with  numerous  sucking-cups,  which  ^enable  the  animal  to  take  a  firm  grasp  of 
any  object  (Fig.  286).  By  means  of  these  arms  the  Cephalopoda  creep  along  the  bottom 
of  the  sea  with  the  head  and  mouth  downwards ;  they  also  serve  for  the  capture  of 
prey — ^these  animals  being  very  carnivorous  in  their  habits.  They  also  swim  rapidly 
by  the  expulsion  of  the  water  from  die  branchial  chamber. 

The  branchise  in  the  Cephalopoda  are  placed  on  both  sides  of  the  body,  which  is  short, 
thick,  symmetrical,  and  not  rolled  in  a  spiral  form.  The  shell  is  often  spiral ;  but  the 
portion  inhabited  by  the  animal  is  divided  from  the  rest  by  a  transverse  partition;  so 
that,  by  the  successive  growth  of  the  animal,  the  shell  acquires  a  chambered  structure. 
The  body  is  inclosed  in  a  sac-like  mantle,  which  is  open  in  front  on  the  ventral  surface 
for  the  passage  of  water  into  the  branchial  chamber ;  this  is  again  expelled,  by  muscular 
action,  through  a  separate  siphon,  placed  a  little  in  advance  of  the  incuirent  orifice. 
The  gills  (Fig.  287)  are  plumose  organs,  formed  of  numerous  laminae  attached  to  the 
sides  of  a  central  stalk,  through  which  the  blood  passes  to  them.  At  the  base  of  each 
gill  is  a  pulsating  cavity,  which  drives  the  blood  through  these  organs ;  and  this  fluid 
is  received  in  another  cavity  on  its  return  from  the  gills,  and  by  the  contraction  of  this 
is  driven  into  the  central  heart. 

The  mouth  is  armed  with  a  pair  of  powerful  homy  jaws,  presenting  a  considerable 
resemblance  to  the  benk  of  a  parrot,  within  which  is  a  fleshy  tongue,  part  of  which  is 
covered  with  recurved  spines.  The  intestines  are  convoluted,  and  the  anus  opens  into 
the  exhalent  siphon ;  the  liver  and  salivary  glands  are  very  large. 

In  the  development  of  the  nervous  system  (Fig.  6),  the  Cephalopoda  exhibit  a  great 
advance  upon  the  other  MoUusea.  The  cephalic  portion  is  very  large,  and  composed  of 
several  ganglia,  closely  united  together  ;  the  oesophagus,  as  usual,  passes  through  the 
ring  formed  by  the  suboesophageal  ganglia.  The  brain  is  surrounded  by  a  cartilaginous 
ring,  the  first  indication  of  an  internal  skeleton,  which  also  usually  gives  off  processes 
for  the  support  of  the  eyes.  The  latter  organs  are  of  large  size,  placed  on  the  sides  of 
the  head,  and  resemble  those  of  fishes  in  many  respects.  The  auditory  vesicles,  with 
their  otolithes,  are  also  imbedded  in  the  cartilaginous  ring.  Two  small  cavities,  in  the 
neighbourhood  of  the  eyes,  are  supposed  to  be  organs  of  smell ;  and,  as  we  have  already 
seen  that  the  tongue  is  a  fieshy  organ,  it  appears  probable  that  the  Cephalopoda  possess 
all  the  senses  in  a  state  of  considerable  perfection. 

The  skin  is  generally  thick  and  leathery,  but  covered  with  a  delicate  cutide,  in 
which  numerous  cells  of  different  colours  (ehromatophora)  are  inclosed.  The  animal 
possesses  the  power  of  altering  the  position  of  these  cells;  so  that  the  tiniof  the  skin  is 
constantly  changing;  this  effect  continues  even  for  some  hours  after  death,  and 
furnishes  the  inhabitaats  of  those  countries,  where  the  Cuttle-fishes  are  eaten,  an  excel- 
lent means  of  judging  of  the  freshness  of  the  fishmonger's  conmiodities. 
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A  peculiar  organ  possessed  by  many  Cephakpoda  is  the  ink-bag,  a  small  pyriform 
sao  inclosed  in  the  yisceral  cavity,  which  secretes  a  dark  brown  fluid ;  it  communicates 
by  a  duct  with  the  ezhalent  siphon,  and  through  this  its  contents  may  be  discharged 
into  the  water,  which  is  thus  discoloured  for  a  considerable  extent.  When  attacked, 
the  animals  constantly  employ  this  artifice  to  facilitate  their  escape,  the  inky  secretion 
producing  a  thick  cloud  in  the  water,  under  coyer  of  which  the  Cuttle-fish  rapidly 
retreats  to  a  safe  distance  from  the  object  which  has  excited  his  apprehensions.  This 
fluid  was  formerly  employed  in  the  arts,  and  gives  its  name  to  the  well-known  colour 
denominated  sepia  {Sepia,  a  Cuttle  fish) ;  but  a  considerable  portion,  if  not  the  whole, 
of  the  article  sold  under  this  name  is  now  derived  from  other  sources.  It  is  remarkable 
that  the  ink-bags  of  Cuttle  fishes  are  often  found  preserved  in  a  fossil  state,  although 
the  remainder  of  the  animal  is  reduced  to  an  almost  unrecognizable  form. 

The  Cephalopoda  are  all  unisexual  animals ;  their  ova  are  usually  of  large  aise. 
The  sexes  are  generally  very  similar  in  appearance ;  but  in  some  species  males  of  a 
very  peculiar  form  have  been  observed,  which,  at  their  first  disco- 
very, were  regarded  as  parasitic  worms,  and  described  under  the 
generic  name  oi  Heetoeotyku,  They  are  worm-like  creatures,  furnished 
with  a  double  row  of  sucking-cups,  which  give  them  a  close  resem- 
blance to  a  detached  arm  of  a  perfect  animal.   On  the  surface  opposite 
to  these  suckers  they  are  provided  with  filamentous  brancluffl  in 
some  species ;  but  these  are  wanting  in  others.    They  are  generally 
found  adhering  to  the  siphon  of  the  female,  but  sometimes  attach   ^^J-  a*  cephSwd 
themselves  to  the  arms  of  their  partner,  upon  which  they  creep  about       with  yelk  sac. 
rapidly  by  the  assistance  of  their  suckers.* 

We  have  already  stated  that  a  difference  exists  between  the  Cephalopoda  and  the 
other  MoUtuca  in  the  mode  of  development  of  the  embryo.  In  the  latter,  the  entire 
yelk  becomes  converted  into  an  embryo ;  in  the  Cephalopoday  on  the  contrary,  the  first 
rudiments  of  the  young  animal  make  their  appearance  at  a  particular  portion  of  the 
surface  of  the  yelk,  so  Hiat  llie  development  of  the  embryo  takes  place  exterior  to  this 
body,  which  gradually  disappears  as  the  young  Cephalopod  approaches  maturity. 

IHwIsionB. — ^The  Cephalopoda  are  divided  into  two  orders,  characterised  by  the 
number  of  their  branchial  plumes,  of  which  there  are  either  one  or  two  on  each  side. 

OSDEB  I. — ^TETRABnANCHIATA. 

Oeneial  Churactezs. — ^This  order,  which  includes  a  vast  number  of  fossil 
forms  {Ammonites,  &c),  is  represented  in  our  seas  only  by  the  Nautili,  of  which  a  few 
species  still  inhabit  the  seas  of  tropical  regions.  They  are  all  inclosed  in  a  shell, 
divided  by  transverse  partitions  into  a  number  of  chambers  (Fig.  347),  gradually 
increasing  in  size  towards  the  mouth  of  the  shell,  where  a  considerable  space  is  left 
for  the  habitation  of  the  animal.  As  the  latter  grows,  and  increases  the  size  of  its 
shell  in  the  usual  manner,  by  additions  to  the  mouth,  it,  at  the  same  time,  cuts  off  a 
portion  of  the  space  it  formerly  occupied  by  a  fresh  partition ;  thus  adding  another 
chamber  to  its  residence.  The  partitions  are  traversed,  either  in  the  centre  or  close  to 
the  wall  of  the  shell,  by  apertures,  through  which  passes  a  vascular  siphuncle,  commu- 
nicating with  the  chamber  in  which  the  heart  lies.  The  remainder  of  the  chambers  is 
filled  with  air.    In  the  recent  Nautili,  and  in  many  fossil  species,  more  or  less  allied  to 

•  Aceordingto  the  ohservations  of  H.  Mailer,  the  Hectoeotylm  of  the  Argonant  is  deyelopcdin 
the  place  of  one  of  the  arms  of  the  Siale. 


ORGAN IC  NATURE.— No.  XXVII. 
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THE  NATTTILT7S. 


^Ise^f  the  partltiona  ««  of  a  plain,  cnp-like  form,  with  tlie  concaVitjr  diieeted  towards 
Uie  lAOttfli  of  the  shell ;  hut  in  many  fossil  forms  (such  as  ttie  Ammoisitee,  Fig.  348, 

and  their  aHfes)  the  partitions  are  fddcd 
towards  tho  edges  into  TarioTB  e^gular 
forms ;  and  as  the  thSn  ahelht  of  these 
creatnres  are  often  entirely  dbwded,  so 
that  the  f9ssil  is  merely  a  cast  of  Hie 
interior,  these  patterns  are  frequency 
very  distinOtly  -visible,  and  ttietr  Taria- 
tkms  then  afford  exeeUent  characters 
for  the  discriminaUon  of  the  species. 

The  animal  inhabilnig  this  «nrioas 
and  beautiM  sheU  was  long  almost 
unknown,  oiKi  our  knowledge  of  its 
Btmetore  has  only  been  ^i«i^  recmsffy 
obtained.  It  is  oompletely  retmcfile 
witiiin  the-  nmntle ;  its  hmd  is  snr^ 
rounded  by  a  great  number  <ef  tenta- 
cles,   -whii^      are    retrtustSte     wilSiin 

shefftes;  and  instead  of  being  famished,  as  in  the  ofdinary  Ckphithpodm,  wflii  <R«iriiig- 

cups,  are  slighly  annnlated  (Fig.  847  «).     The  branchire  aite  four  in  niMnber,  placed 

two  on  each  side  of  the  body. 

The  animal  of  the  KatttiltiSj  the  only  one  witfe  which  we  can  now  be  te^uainted, 

usually  creeps,  mouth  downwards,  along  the  bottom  of  the  sea ;  It  is  soBM^mcs,  how- 


Tig.  347i— Seetion-of  Nautilos,  vith  dw  animal. 
n,  portien  of  a  tentacle. 


««ii^.da^dgtd  fimn  tto  aiteatwa  by  ftoras,  -wbeii  ii  lum  been  jmn  «o  UtfLmm^e 
suifaoe  in  a  reyersed  position,  with  the  tentacles  expemded.     Am  -opiaiflii  ftm  ^oy 
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gsoardUjr  fnnokd  that  tiiu  vaa,  ia  realky,  thfi  iKvomite  poeitioa  of  thA  ^4PCf^ititf«,  aad 
tint  its  ekuBbared  shell  wai  inieiided  to  gire  it  the  buoynney  iieeeBsarjr  lor  tim 
INvpcMe.  Tfai%  hofrever,  is  contradicted  bj  obserratioa ;  and  it  appears  that  tha  jempty 
ohambers  «iily  aerre  to  s^prozhnate  the  a pecidc  graritj  of  the  animal  as  nsarlj  as 
IwaaWri  to  Hwt  of  the  medium  it  inhabits. 

IMvifltoiis. — ^The  Tetrmirauchiaie  Ctpliahpoda  form  tvo  fiunilies, — the  Nautiiidm 
and  the  AmmonitidUe.  The  former,  which  indudes  tiie  only  living  rcpresentatires  of 
the  order,  ia  diadnguished  by  the  simple  structure  of  the  partitions 
of  the  shell,  and  by  the  central  position  of  the  siphuncle.  The  aheU 
is  aometunes  spiral,  aa  in  the  Nautiku  (Fig.  347)  ;  but  then  always 
oonsiats  of  but  few  turns ;  sometimes  perfectly  strai^t  iprthoeeras)^ 
or  merely  twisted  at  the  apex  m  a  crosifr-iike  form  {LituUtg^  Fig. 
349).  In  the  Ammonitida.  the  partitions  are  bent  or  folded  into 
various  forma,  and  ihd  siphuncle  runs  along  the  outer  wall  of  the 
ahell,  which  is  uaually  spiral,  and  composed  of  numerous  whorla. 
Of  the  genus  Ammonites  (Fig.  348),  upwards  of  five  hundred  species 
are  known,  and  many  of  these  are  of  great  size.  In  some  cases, 
the  shells,  although  spirjOiy  twisted,  have  the  whorls  separate ;  in 


Fig.  549.— Lttuttes  Fip.  350.— Turrilitcs. 

£rey9li. 

other  instances  {JBaevUtes)  they  are  perfectly  sti-aight.  The  genm  JPtyeioeeras  has  a 
straight  aheO,  doubled  in  the  middle,  with  the  two  parts  closely  applied ;  whilst  in 
Turrilitet  (Fig.  360),  we  have  a  regular  screw-like  shell,  resembling  that  of  Twritellay 
amongst  titic  Gasteropoda. 

Order  II.— Dibeanchiata. 

General  Chnmctexs. — This  order,  which  includes  a  great  ttomber  of  living  as 
well  as  fossil  ^eeies,  is  distinguished  from  the  preceding 
not  only  by  the  possession  of  only  two  branchiae,  but  also 
by  the  general  stmcture  of  the  body,  which  is  adapted 
especially  for  swimming  rapidly  through  the  water,  al- 
though the  flT'^'^nft^^*'  are  able  to  creep,  with  the  head  down- 
wards, upon  the  bottom  of  the  sea. 

The  shell  is  almost  always  internal,  fi«quently  rudi- 
mentary ;  and  when  external  is  never  chJimbered.  The  arms 
are  only  eight  or  ten  in  number,  tonished  with  sucking 
discs ;  and  the  body  is  usually  provided  with  a  pair  of  fins. 

IMTWeiis.— The  Dihranehiata  are  divided  into  two 
principal  seetions,  <diaraetensed  by  the  number  of  their  arms. 

The  JDteapoda  have  ten  of  these  organs,  of  which  two  (called  tentoM)  ere  amially 


Fi^  351. — Spirula   Peronii, 
with  its  flhelL 
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much  longer  than  their  fellows,  retractile,  of  a  cylindrical  form,  flattened  and  provided 
with  suckers  at  the  extremity.  Of  these,  the  SpiraHda  appear  to  make  the  nearest 
approach  to  the  animals  of  the  preceding  order,  as  they  are  furnished  with  a  chamhered 
shell  (Fig.  351),  which,  however,  is  almost  entirely  concealed  within  the  hody.  These 
animals  inhahit  the  seas  of  the  warm  parts  of  the  world,  apparently  in  great  ahundance, 
as  their  shells  are  cast  upon  the  shore  in  profusion ;  nevertheless  the  structure  and 
habits  of  the  animal  are  almost  unknown. 

In  the  remaining  families  the  shell  is  entirely  inclosed.  In  the  Sepiida  it  forms 
a  broad  calcareous  plate,  terminating  in  an  imperfectly  chambered  apex.  The  shell  of 
one  species,  the  Sepia  officinalis,  is  the  well-known  Cuttle-flsh  bone  of  the  shops ;  it 
was  formerly  employed  in  medicine,  but  is  now  principally  used  aa  pounce.  The  bodies 
of  these  animals  are  usually  of  a  somewhat  ovate  form,  and  the  fins  run  along  the  whole 
length  of  the  sides  of  the  body  (Fig.  352). 

In  the  Loligidm  [Calamaries  or  Squids),  which  are  nearly  allied  to  the  preceding,  the 
body  is  almost  always  of  an  elongated  form,  and  the  fins  are  broad,  and  confined  to  the 


Fiff.  353. 
Pen  of  Ony> 
choteuthis. 
Fig.  352.— Sepia  Hieredda.  Fig.  354.-  Chiroteuthis  Bonellii. 

apex  of  the  body.  The  shell  is  represented  by  a  homy  plate  (Fig.  353),  which,  from  its 
consisting  of  a  central  shaft  and  two  lateral  expansions,  has  received  the  name  of  the 
pen.  These  am'malH  are  exceedingly  active,  and  swim  well.  Their  arms  are  frequently 
of  considerable  length,  the  tentacular  arms  especially,  which  in  the  genus  Chiroteuthis 
(Fig.  354)  attain  no  less  than  six  times  the  length  of  the  body.  They  are  found  com- 
monly in  all  seas.  The  common  British  species  {Loligo  vulgaris)  is  often  thrown  upon 
the  beach  after  high  winds ;  and  this  and  other  species  arc  much  employed  as  baits  in 
various  fisheries. 
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In  the  fossil  family  BeUmnitida,  the  structure  of  the  internal  shell  is  far  more 
complicated.  In  its  general  form  (Fig.  355)  it  resembles  the  pen  of  the 
Calamaries,  forming  a  broad  corneous  plate,  which  terminates  posteriorly  in  a 
regularly  chambered  conical  shell  (tiie  phragmoeone)^  which  is  furnished 
with  a  distinct  siphuncle.  At  its  lower  extremity,  the  phragmocone  is  | 
inserted  into  the  base  of  a  firm,  solid,  cylindrical  sheath,  which  evidently 
serves  to  protect  the  phragmocone  from  injury  when  swimming  backwards. 
From  this  provision  it  has  been  concluded  that  the  Belemnites  lived  in  the 
neighbourhood  of  the  shores,  where  they  would  be  in  constant  danger  of 
coming  into  collision  with  fixed  objects.  From  impressions  of  these  soft 
animals,  which  have  been  preserved  in  some  fine  grained  strata,  it  appears  that 
they  closely  resembled  the  ZoligieUe  in  form ;  their  arms  were  furnished  with 
rows  of  sharp  hooks. 

The  Octopoda  are  distinguished  by  the  possession  of  only  eight  arms, 
without  the  retractile  tentacular  arms  of  the  true  Cuttle-fishes;  they  are 
but  rarely  furnished  with  fins.  The  OctopodidcB  are  naked  animals,  with 
scarcely  any  trace  even  of  an  internal  shell.  The  arms  are  united  at  the 
base  by  a  broad  membrane,  which  appears  to  be  of  great  service  to  the 
animals  in  swinmiing.  They  are  exceedingly  active  and  voracious,  preying  Vlg.  355. 
with  avidity  upon  Crustacea  and  fishes.  To  this  family  belongs  the  common  Belemnite. 
^^poulpe"  of  the  Mediterranean  (Fig.  356),  which  is  a  regular  article  of  food  in  the 
south  of  Europe.  The  Oetopodidae  not  unfrequently  attain  a  considerable  size. 
M.  Sander  Rang  mentions  one,  which  he  saw,  of  the  size  of  a  large  cask.  The  tales  of 
navigators  attribute  still  larger  dimensions  to  some  of  these  animals,  which  have  been 
said  to  possess  arms  of  thirty,  or  even  sixty,  feet  in  length.  From  the  same 
authorities  it  would  appear  that  these  giants  have  a  mischievous  and  very  disagreeable 


Fig.  856.— Poulpe  (Octopos  vulgaris). 

propensity  for  embracing  any  passing  boat,  with  their  enormous  arms,  and  dragging  it 
down  into  the  deep.    To  ridicule  this  idea,  Benys  de  Montfort  has  represented  one  of 
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these  monsters  in  the  act  of  ingulfing  a  three-master^ — an  arm  being  twisted  lonnd 
each  of  the  masts^  and  reaching  nearly  to  the  top !  The  Kraken  of  Scandinavian 
superstition  appears  to  be  a  still  more  exaggerated  representation  of  one  of  these 
animals.  Its  existence  was  grayely  alleged  by  Pontoppidan  as  the  cause  of  the  occa- 
sional disappearance  of  islands! 

The  Argonautidit  are  furnished  with  an  external  shell,  the  texture  of  which  has 
obtained  for  it  the  name  of  the  Faper  Nautilus,  These  animals  are  remarkable  for 
haying  two  of  the  arms  dilated  into  broad  plates,  by  the  expansion  of  which,  when 
floating  at  the  surface  with  its  shell  reversed,  the  ancients,  and  many  of  the  modems, 

have  supposed  that  the 
Argonaut  sailed  gently 
along  in  his  fragile  boat, 
on  the  surface  of  the 
summer  sea.  This  notion, 
oonsecrated  as  it  is  by 
poetical  Tisage,  proves  to 
Fig.  357.-Argonauta  Argo  sTrimmiBg.  ^  ^^^^^  iuoorrect.  The 

Argonaut  uses  its  dilated  arms  to  grasp  its  shell,  whilst  swimming  backwards,  like  the 
atiier  Gephalopods,  by  the  expulsion  of  water  from  its  branchial  chamber  (Fig.  357) ', 
these  organs  also  appear  to  secrete  the  shell,  which  is  not  attached  to  th»  body  of  the 
animsl.    The  male  Argonaut  is  not  provided  Mrith  a  shelL 


We  have  thus  traced,  as  fully  as  our  space  would  permit,  the  leading  characteristics 
of  the  vast  and  varied  series  of  Invertebrate  cmmah.  Throughout  the  classification 
adopted  we  have  endeavoured  to  represent,  as  nearly  as  possible,  the  generally- 
received  views  upon  this  branch  of  Natural  History,  deeming  that  in  a  work  of  this 
nature,  intended  for  popular  instruction,  it  would  be  more  serviceable  to  furnish  the 
reader  with  an  intelligible  account  of  the  views  generally  admitted,  than  to  run  the 
risk  of  communicating  erroneous  notions  by  adopting  the  new  and  imperfectly  deve- 
loped views  which  must  necessarily  prevail  during  the  transition  state  of  aay  depart- 
ment of  science.  For  this  reason  we  have  retained  the  division  of  Radiated  animals, 
although,  as  we  have  already  stated  (page  270),  the  views  of  naturalists  regarding 
these  creatures  are  in  a  very  unsettled  state.  The  study  of  these  animak  is  attended 
with  gredt  difi&culties.  The  voory  nature  of  many  of  them  is  but  little  knoim ;  and  wc 
cannot  expect  that  any  satisiiactory  results  will  be  attained  until  our  knowledge  of 
their  structure,  and  especially  of  their  development,  shall  have  made  avast  advance. 

As  it  is,  however,  the  classification  of  the  lower  animals  has  made  a  great  advance 
of  late  years.  The  division  Radiata  oi  Cuvier  inelnded  a  heterogeneous  assemblage  of 
animals ;  and,  in  fact,  with  that  Zoologist  and  his  successors,  served  as  a  repository  for 
anything  that  could  not 'easily  be  placed  elsewhere.  Since  the  days  of  Cuvier  many 
of  these  creatures  have  been  referred  to  more  suitable  positions.  The  entire  series 
of  intestinal  worms,  as  well  as  the'  Hoiifera,  have  been  removed  to  the  Artieidata, 
Shd  the  JSryot^a  to  the  AMhtoAi  whilst  the  eRtnre  division  <^  thet  JPM&U4^  is  a 
dismeBobennent  of  the  CnnecSan  Jittdiatm.     The  janimalk  stUl  l^t  in.  the  ^Badisto 
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diviaioa  are  the  JxaUphmy  the  Folyp€»  (except  the  Bryozoa),  and  the  £!chinodermata  of 
GuYier ;  bat  the  difEbreoces  between  the  last-named  class  and  the  other  B^diaia  axe 
exceedingly  great. 

An.  apparently  advantageoua  alteration  in  the  classification  of  these  pTiima^y  has 
been  proposed  by  Lcuckart  and  Huxley.  These  Zoologists  separate  the  Cuvieziaja 
Aealepha  and  Polypes  from  iiiQjSchimdennata^  Uius  fortning  with  them  a  group  which,  the 
foimer  denominates  CaknteratOy  from,  the  structure  of  the  alimentary  organa;  tha  latter^; 
Nematophora^  horn,  the  preseikce  of  thread-cells  in  the  skin.  According  to  Leuckait, 
thia  groi^  may  be  diyided  into  three  classes,  one  of  which  is  composed  of  the  Hydroid 
Polypes,  the  Discophora  and  the  Siphonophora  ;  the  second  of  the  Asteroid  and  Helian- 
thoid  Polypes  \  whilst  the  third  includes  the  Cienopkora,  The  JEchinodermaia  nuMt 
then  be  regarded  as  Tery  aberrant  forms  of  the  Helminthoid  section  of  the  ArticnlateA 
division  >  this  at  least  is  Mr.  Huxley's  view ;  Professor  Leuckart  has  not  told  u»  what 
he  proposes  to  do  with  the  remainder  of  the  JRadiaia, 

Of  the  unicellular  constitution  of  the  iVo^osoo,  considerable  doubts  are  now  being 
raised;  and  it  seema  di£icuU  to  reconcile  the  varied  functions  perfonned  by  these 
microscopic  creatures^  with  their  supposed  simplicity  of  structure.  Hitherto,  howeEreri, 
authors  have  generaUy  confined  themselves  to  the  expression  of  doubt ;  and  no  satisr 
factory  theory  wiih.  regard  to  the  constitution  of  these  living  atoms  has  yet  been  put 
forward. 

There  are  two  phenomena,  or  rather  two  modifications  of  the  same  phenomenon,  to 
which  we  moat  re&r  in  this  place,  as  they  are  exhibitied  by  members  of  all  tho  Inverte- 
brate groups  of  animals.  These  are  gemmationj  and  the  ao-called  ^'  atternaUo^  of 
ffmurationM  j^*  the  latter  being  only  a  peculiar  modification  of  the  former. 

In  ordinary  gemmation,  the  origiaal  individual  produces  buds  which  gradually  assnme 
the  form,  of  their  parenl^  and  are  then  either  thrown  ofiE^  to  lead  an  indepeao^nt 
Qxistenec  (as  in  the  Sydra)^  or  retained  in  more  or  less  intimate  coimexifln  with  il^ 
parent  (as  in  the  compound  Polypes  and  Bryozoa),  We  have  here,  then,  an  "  altexom- 
tion,"  not  of  "  generations,"  but  of  "  reproductions ;"  the  ovum  producing  a  sing^ 
animal,  which  produces  others  exactly  resembling ,  itself  by  a  division  of  its  own  sub- 
stance ;  and  all  these  are  equally  capable  of  both  sexual  and  gemmiparous  reproduction. 

The  j]rvia»4  by  which  the  "  alternation  of  generations"  is  effected,  differs  in  nothing 
from  ordinary  gemmation ;  but  the  result  of  the  process  is  somewhat  different.  In 
the  cases  to  which  this  name  has  been  applied,  the  individuals  produced  by  gem- 
miparity  differ  more  or  less  from  their  immediate  parents;  the  functions  of  sexual  repro- 
duction are  confined  to  them,  and  the  ova  which  they  produce  give  rise  to  gemmiparous 
individuals.  There  is  consequently  no  such  thing  in  nature  as  an  "alternation  of 
generations ;"  and  the  phenomenon  which  has  been  so  denominated  consists  simply  in 
an  alternation  of  gemmiparous  and  sexual  reproduction,  in  which  tho  offspring  of  the 
former  process  differs  more  or  less  from  that  of  the  latter. 

The  observation  of  these  phenomena  has  introduced  considerable  difficulty  into  the 
realization  of  the  idea  of  an  individual  animal.  Wet  cannot  regard  every  independent 
animal  form  as  an  individual  animal,  since  we  know  that  many  of  them  occur  as 
successive  phases  in  tho  development  of  particular  species ;  and  on  the  other  hand,  it 
is  by  no  means  easy  to  conceive  that  these  active,  independent  beings,  are  merely  com- 
ponent parts,  or  organs,  of  a  composite  individual.  Yet  this  appears  to  be  the  only 
satisfactory  mode  of  explaining  tho  phenomena  in  question ;  and  we  must  therefore 
regard  the  whole  of  the  forms  produced  from  a  single  ovum,  until  the  progeny  of  that 
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ovum  produce  oya  in  their  turn,  as  so  many  manifestations  of  the  life  of  an  individual 
animal.  The  sum  of  these  manifestations,  therefore,  makes  up  the  life  of  the  animal. 
It  has  been  proposed  to  employ  the  term  zooidy  to  indicate  the  separate  manifestations 
which,  when  put  together,  constitute  the  zoorij  or  animal  individual.  The  German 
naturalists  have  applied  the  term  nurses  (amtnen)  to  the  gcmmiparous  zooids. 

This  view  may  perhaps  be  rendered  clearer  by  a  comparison  of  the  phenomena  with 
those  of  the  metamorphosis  of  insects.  In  the  latter  the  egg  produces  a  sex-less  indi- 
vidual {larva)  f  which  undergoes  certain  changes  before  attaining  its  reproductive  form ; 
but  during  the  whole  of  these  transformations  it  still  retains  its  perfect  individuality. 
But  if  each  larva  gave  rise  to  one  or  more  sexual  forms  by  gemmation,  we  should  have 
a  case  of  "  alternate' generation ;"  and  this  really  takes  place  in  the  Aphides  (p.  348), 
if  we  may  regard  the  viviparous  specimens  as  gemmiparous  larval  foiins. 

These  phenomena  present  very  different  degrees  of  complication  in  different  species 
of  animals.  Thus  the  individual  Salpa  (p.  423)  consists  of  two  zooids,  one  oviparous, 
the  other  gemmiparous ;  the  Medusa  exhibit  a  greater  complication,  the  polypes  produced 
from  their  ova  often  producing  other  polypes  by  ordinary  gemmation,  from  which  sexual 
Medusa  again  take  their  rise  (see  pp.  252,  253).  The  Cestoid  worms  also  consist  of  two 
sets  of  zooids ;  the  embryo  is  a  cystic  worm,  always  furnished  with  a  head,  and  often 
producing  several  heads  by  gemmation ;  each  head  afterwards  produces  a  series  of 
sexual  zooids  by  gemmation,  which  together  form  the  ordinary  Tape- worm  (see  p.  272. 
In  some  Trematode  worms  the  individual  consists  of  three  zooids :  the  free-swimming 
embryo  (1)  produces  a  sac-like  body  (2)  by  internal  gemmation ;  and  this  in  like  manner 
gives  rise  to  a  number  of  germs,  which  are  converted  directly  into  the  sexual  zooid  (3). 
In  the  Aphides,  as  many  as  eleven  consecutive  series  of  gemmiparous  zooids  have  been 
observed  to  intervene  between  two  periods  of  sexual  reproduction. 

"We  trust  that  these  remarks,  brief  as  they  are,  may  suffice  to  furnish  the  reader 
with  a  tolerably  clear  notion  of  some  of  the  most  interesting  phenomena  in  the  Natural 
History  of  the  lower  animals, — ^phenomena,  the  correct  comprehension  of  which  is  of 
the  greatest  importance  to  the  student  of  Zoology. 


W.  S.  DALLAS. 
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Abies  (Lat.  "a  fir  tree"),  secretions  from  the,  49. 

Acacia  catechu  (Gr.  akakia,  an  Egyptian  thorn, 

^  and  German  katchu,  an  astringent  herb), 
tannic  acid  obtained  from,  50,  54;  pollen  of 
the,  122. 

Acer  campestris  (Lat.  the  "  field  maple,"  from 
accr  sharp),  75. 

A.  saccharinum  (Lat.  the  "  sugar  -  yielding 
maple"),  23. 

Acids,  vegetable  secretions,  50. 

Acotyledonous  seeds  (Gr.  a  privative,  and  cotyle 
a  cavity—"  wanting  cotyledons"),  135. 

Acrogens  (Gr.  acros  the  summit,  and  ginomai 
to  grow).  Class  II.  of  Lindley,  186. 

Acrostalagmus  cinnabarius  (Gr.  akros  the  sum- 
mit,  and  stalagma  a  distilled  drop;  Lat. 
"cinnabar"),  145. 

Adder's-tongues,  175. 

Adnate  stamens  (Lat.  adnata  growing  to),  121. 

Aerial  roots,  92. 

Aerial  stems,  72. 

JSschynomene  (Gr.  aischynomai  to  be  sensitive), 
section'of  the,  16. 

Agaricus  campestris  (Lat.  "  the  field  mush- 
room"), 147. 

Agaricus  fcBtens,  and  A.  campestris,  173. 

Agave  Americana  (Gr.  agavos  admirable),  the 
American  flax-plant,  22 ;  stomata  of  the,  62. 

Aggregati  (Lat.  "  aggregata "),  Qlasa  II.  of 
fruits,  132. 

Air-chambers  of  an  aquatic  plant,  12. 

Albumen  6f  seeds,  135. 

Alder  bark,  a  vegetable  dye,  54. 

Alder  tree,  section  of  its  root,  17. 

Algse  (Lat.  alga  a  sea-weed),  some  of  them 
claimed  both  by  the  botanist  and  the  zoolo- 
gist, 5;  family  of  the,  147;  comprehend  a 
large  proportion  of  the  lower  vegetable  king- 
dom, 172. 

Algales,  185. 

AUsmalcs  (Gr.  aJittna  the  water.plantain),  187. 

Alkanet  root,  a  vegetable  dye,  54. 

Allium  (Lat.  "  an  onion  "),  41. 

A.  porrum  (Lat.  "the  leek"),  cells  from  the 
flowering  stem  of  the,  9. 

Allman*8  botanical  investigatioiis,  88,  39. 


Alnus  (Lat.  "  the  alder  tree  "),  17. 
A.  glutinosa,  54. 

Amentales  (Lat.  amentum  a  catkin),  188. 
Amnios  of  the  seed  (Gr.  amnion  a  thin  mem- 
brane), 86. 
Amomales  (Gr.  a  and  momo»  a  counter-poison), 

187. 
Amphitropal  of  the  ovule  (Gr.  amphi  abput,  and 

trope  a  turning),  128,  129,  :S5. 
Amygdalus  amara  (Gr.  amagdala  an  almond, 

and  Lat.  "  bitter  "),  oil  of  the,  47. 
Anatropal  of  the  ovule  (Gr.  ana  backwards,  and 

trope  a  turning),  128,  129. 
Anchusa  Italica  (Gr.  angchousa  paint,  and  trope 

a  turning),  128,  129. 
A.  tinctoria  (Lat.  "tinted"),  54. 
Andropogon  schoenanthus  (Gr.  aner  a  man,  and 

pogon  a  beard ;   schoinos  a  rush,  and  anthos 

a  flower),  oil  of  the,  47. 
Anethum  graveolens    (Gr.  ano  upwards,  and 

^Aeotorun;  Lat.  "strong-smelUng"),  oil  of 

the,  47. 
Angiospermia  (Gr.  angoe  a  vessel,  and  sperma 

seed),  order  of,  153  et  passim. 
Angular-lobed  leaf,  98. 
Animalcules,  the  source  of  silica,  55. 
Annatto,  a  vegetable  dye,  54. 
Anther  of  the  stamen  (Gr.  anthoa  a  flower),  118, 

119;  of  flowers,  180. 
Antheridia  of  the  fern  (Gr.  anthera  belonging 
-    to  flowers),  141 ;  of  mosses,  143. 
Anthocarpi  (Gr.  anthoa  a  flower,  and  karpos 

l^oit),  132. 
Anthracite  coal  (Gr.  anthrax  coal),  porous  duct 

from,  17. 
Antirrhinum,  pollen  tubes  in  the  pistil  of  the, 

122. 
Apocarpus   ovary    (Gr.  apo  from,  and  karpos 

fruit),  126. 
Apocarpi,  Class  I.  of  fruits,  131. 
Aporum   anceps    (Gr.  a   and  poi^oB^   wanting 

pores;   Lat.   anceps  double),    tubercles  and 

cavities  of  the,  20. 
Apple,  its  seed  inclosed  by  sderogeo,  13 ;  acid 

juices  of  the,  50. 
Apple-leaf,  stomata  of  the,  61. 
Aquatic  plants,  circulation  in,  15. 
Arales  (Lat.  aro  to  plough),  187. 
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Arabians,  the  early  caltiTators  of  botany,  3. 

Arachis  hypogsea,  45. 

Arenga  sacchurifeM  (Ind.  *'  the  palm,"  and  Lat 
"  sugar-producing  "),  53. 

Aril  of  the  nutmeg,  137. 

Aristotle  regarded  as  the  fonnder  of  the  science 
of  botany,  2. 

Armeria  fasciculata  (the  Sweet  William),  pollen 
of  the,  122. 

Arrow-headed  leaf  of  the  Sagittaria,  9S. 

.irum  maculatnm  (Egypt,  armm  a  herb,  antf 
Lat.  maculatum  spotted),  starch  secreted  flrom 
the,  33,  38 ;  eorm  of  ttie,  71 ;  inflorescence  of 
the,  106. 

Asarales,  192. 

Asrafoetida  (Lat.  aga  a  gnm,  and  fcrtlda  stink- 
ing), whence  produced,  49. 

Astralagus  gnmnlfera  (Lat.  "the  ankle-bone" 
and  **  gum-bearing  "),  whence  obtained  48. 

Atar  of  Eeora,  a  regetable  oil,  47. 

A.  of  Roses,  a  regetable  oil,  47. 

Australia,  gum-trees  of,  49. 

Axis  of  plants,  90. 


B 


Baeea,  the  berry,  ISS,  1S4. 
Balsam,  dncta  of  the,  37. 

Banana  tree,  cells  of  its  leases,  )1. 

Baaksia,  stomata  of  the,  63. 

Banyan  tree,  its  trnmeBse  size,  30. 

Baphil  nitida,  54. 

Bark  of  ezogenosi  Btcmi,  75,  77 ;   its  Tsriovs 

divisions,  77,  78;    its  usee,    79;   branching 

vessels  of  the,  79. 
Bassia  latifolta,  fte.  (faihoiMNir  of  Antonio  Ascfur, 

and  Lat.  "  broad-leaved  »•),  46. 
Beech  tree,  coneentrfe  layers  of  selerogen  in  the 

cells  of  its  bark,  14 ;  repreeeatation  of  the,  73. 
Beet-root,  ngar  obtained  fttNn  tiie,  53. 
Benzoin,  whence  prodneed,  49. 
Berberis   ▼ulgaria  (Lat.   <*  the  eonmon  ber. 

berry  '*),  leaflets  of  the,  101 ;  stamen  of  the, 

118. 
Berberales,  189. 

Berg  Mehl,  tbenuieeof  diea,  55w 
Betula  (Lat.  "the  birch"),  27;  oU  of  the  bark 

of,  47. 
B.  alba  (Lat.  "  the  white  birch  tree »'),  28. 
Bignonia,  section  <rfa  stem  of  the,  64. 
Bigaoniales,  121. 
Birch  tree,  fennented  jnioe  of  the,  S3 ;  dnet»  of 

the,  27. 
Bitter  afanoiids,  oil  of,  47. 
Bisa  orellana  (S.  American),  aTegetable  dye  ob- 

tained  from,  54. 
Black,  and  Blue,  the  piteelpal  eolovrs  picseulefl 

by  plants,  53. 


Boletus  (Lat.  '*  a  gigantic  mushroom  '*),  elon- 
gated cells  of  the,  11,  15. 

Borusos  flabelUformis  (Gr.  IttranM  the  palm, 
and  Lat.  **fan.formed"),  the  Palmyra  palm, 
23,24. 

Botanical  gardens,  3. 

Botbrenchyma  (Gr.  hothrirm  a  pit,  and  enekyma 
an  injection),  a  pitted  tiasne,  17 ;  its  great  im- 
portance, 18. 

BOTANY,  the  important  objects  of,  1 ;  historical 
notices  of,  2 ;  its  distinguished  promoters,  3. 
The  early  Classification  of  Pulhts,  S;  their 
structure,  5;  the  elementary  and  oellnlar 
tissues,  7  et  seq. ;  their  woody  fibre ;  the  vas- 
cular tissue,  25 ;  the  lacticiferous  vessels,  29 ; 
their  secretions,  32  et  seq. ;  their  colouring 
principles,  53 ;  their  oi^ans,  57 ;  their  stranata, 
61,  and  hairs,  65  ;  the  glands,  69 ;  the  oorm 
and  the  bulb,  71 ;  wooded  stems,  73 ;  the  pith, 
T6 ;  the  bark,  77 ;  the  wood,  79  ;  longevity  of 
trees,  83;  their  cellular  structure,  85;  the 
roots  of  plants,  90;  the  leaves,  93  et  seq. 
Organs  of  reproduction, — the  inflorescence,  105 
et  seq. ;  the  stamens,  116  et  seq. ;  the  pistfl, 
123  et  seq.  Classification  of  fruits,  131  et  seq. 
Flowcrless  plants,— Ferns,  188 ;  mosses,  143 ; 
lichens,  145;  algte,  147.  Classification  of 
plants,  149;  the  Linnean  system,  151—183. 
Natural  Order  of  plants,  183.  Dr.  Lindley*! 
system,  184—192. 

Bract,  the,  of  inflorescence,  108, 109. 

Brake  fern,  scalariform  vessels  in  the,  28. 

Branches  of  trees,  73,  74. 

Brassica  rapa  (Lat.  hrassiea  a  cabbage,  and  rapa 
rape  root),  the  turnip,  32—45. 

B.  napus,  45. 

Brazil  wood,  a  vegetable  dye,  54. 

Brittle-worts,  the  slime  of  stems,  172. 

Brown,  one  of  the  principal  colours  of  Tq(eta. 
tion,  53. 

Bryophyllum  calycinum  (Gr.  bryo  to  aproot,  and 
phyllon  a  leaf ;  Lat.  eoiyx  a  cup),  leaf  of  the,  lOi. 

Buck's  botanical  investigations,  36,  37. 

Bulb  of  plants,  71. 

Butter,  a  vegetable  secretion,  46. 


Caeao  butter,  whence  produced,  46. 

Cictus,  crystals  flrom  the  cuticle  of  a,  41,  42. 

Cactales,  192. 

Ctesalpina  Braziliensis  (in  honour  of  C.  Oaal- 

pimu,  and  Lat.  "Brazilian  ••),  54. 
Cajeputi  oil,  a  vegetable  secretion,  47. 
Calamus  aromaticus  (Lat.  "an aromatic  reed"]) 

oil  of  the,  4T. 
Calyx  (Lat.  *'  a  cop  "},  a  part  of  Infloreaocne^ 

109—111. 
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CamUiun,  the  forroative  fluid  ot  trees,  5^  6. 
Camina  of  the  petal  (Lat.  camtntufrchiomey], 

114. 
Campanula  (Lat.  "  a  little  bell »),  hairs  of  the, 

68. 
Campanales,  191. 
Camphor,  a.  vegetable  oil,  48. 
Campylodiscua  clypeos  (Gr.  kampyUu  bent»  and 

diskos  a  disk;    Lat.    **a  shield ")»  sUifiious 

skeleton  of  the,  55. 
Campylotropal  of  the  o^ale  (Or.  kmanpfflo*,  and 

trof  a  turning),  128,  129,  135. 
Camwood,  a  vegetable  dye,  54. 
Cane,  sugar  produced  from  the,  53. 
Cane  sugar  of  the  Southern  States,  23. 
Canna  bicolor  (Lat.  eamia  a  cane,  and  hUolmr 

two-coloured),  spiral  vessels  of  the,  25. 
Caoutchouc  (Ind.    *' elastic  gum*'),   produced 

from  vegetable  juice,  31. 
Capillaries  of  the  Frog's  foot,  29. 
Capitulum  (Lat.  capttt  a  head),  in  the  order  Com- 

poeitSB,  106. 
Capsule  of  the  poppy,  133, 134. 
Carapa  or  Crab  oil  (Gr.  karahos  a  crab},  whence 

obtained,  46. 
Caryopbyllum  aromaticum  (Gr.  earymia  a  nut, 

and  Lat.  *' aromatic  "),  oil  of  the,  47. 
Carpels  of  the  pistil  (Gr.  knrpo*  fruit),  125, 127. 
Carrot,  vegetable  secretion  of  the,  32. 
Carthamus  tinctoria  (Axab.4t(ort0m  to  paint,  and 

Lat.  "tinted"),  54. 
Cartilage  from  the  ear  of  a  rat,  15. 
Carum  earui  (from  Caria  in  Asia  aiinor),  car- 

raway  oil  of  the,  47  ;  the  carraway  seed,  IOOl 
Cassava  meal,  starch  secreted  from,  33« 
Castor  oil,  a  vegetable  secretion,  4S. 
Caster  oil  plant,  tube  from  the,  8. 
Catechu  (Germ,  "an  astringent  herb"),  tannic 

acid  obtained  from,  50 ;  a  vegetable  dye,  54. 
Catkins  of  the  willow,  105, 106. 
Caudex  of  the  root  (Lat.  coudrx  a  stem),  01,  92. 
Caulis  excurrens  (Lnt.  "a branching  stalk"),  73. 
Cells  of  plants  described,  9^  10 ;  of  the  orange, 

10;  forming  a  tube,  11;   various  terms  for 

defining  their  shapes,  11^13;  moltiplication 

of,  16 ;  of  the  pith  of  trees,  75 ;  of  tba  sta. 

men,  131k 
Cellular  structure  of  leaves,  04. 
Cellular  tiRsues,  S ;  uses  of  the,  15, 16. 
Oephnlotus  (Qr«  kttphalM  headed),  pitetwr  of  the, 

103. 
Chalaza  (Gr. «  hail")  of  the  ovule,  129l 
Chara  vulgaris  (Gr.  ohairo  to  delight,  and  Lat. 

"common  "),  spiral  fibres  of  the,  144, 145. 
Charas  (sea.weeds)  described,  173. 
Chelidonium  (Gr.  <AeIid0n  a  swaUow),  laetici. 

ferous  juices  of  the,  28. 
Chelsea,  medical  botanical  gardens  at,  i.    . 


Chenopodales  (Gr.  ehen  a  goose,  Vind podes  feet), 
190. 

Chestnut,  spiral  vessels  of  the,  26 ;  starch  grains 
'  of  the,  37 ;  leaf  of  the,  97, 

China  grass,  substituted  for  flax,  22. 

Chlorophyl  (Gr.  ehloros  green,  and  phyllon  a 
leaf),  one  of  the  chemical  colouring  principles 
in  vegetables,  53. 

Chromule  (Gr.  ehroma  colour),  one  of  the  che- 
mical colouring  principles  In  vegetables,  53. 

Cinchonales  (Peruvian  bark  trees),  192. 

Cinnamomum  zeylanicum  (Arab.  Idnamon)^  oil  of 
the,  47. 

Circulation  of  plants,  17 ;  woody  fibre  the  chief 
organ  of  the,  20. 

Circuma  longa,  54. 

Cistales  (Gr.  kistoa  a  capsule},  189. 

Citric  acid,  whence  derived,  50. 

Citrus  (Lat,  •*  the  orange  "),  hexagonal  cells  of 
the,  10. 

C.  limonum,  oil  of  the,  47. 

Classcs  and  OiinEBS,  origin  and  characteristics 
of  the,  151 ;  tabular  view  of  the,  152,  153.  The 
Classes  of  Linnsus  from  I.  to  XXIV.,— Monan- 
dria,  and  Diandria,  153;  Triandria,  154;  Te- 
trandria,  and  Pentandria,  155;  Hexandria 
157;  Heptandria,  158;  Octandria,  159;  Enne- 
andria,  and  Decandria,  160  ;  Dodecandria,  and 
Icosandria,  161 ;  Polyandria,  162 ;  Didynamia, 
163 ;  Tetradynamla,  164 ;  Monodelphia,  165  ; 
Diadelphia,  166 ;  Folydelphia,  and  Syngcnesia, 
167 ;  Oynandria,  168 ;  Monoecia,  169 ;  Dioscla, 
171 ;  Polygnaiia,  and  Cryptogamia,  172.  In- 
structions for  ascertaining  the,  176  et  seq. 

Classes  of  plants,  according  to  the  Natural  sys- 
tem of  Dr.  Lindley,  184  et  seq.  Class  I.  to 
Vn.,  Thallogens,  195;  Acrogens,  Rhizogens, 
andEndogens,  186;  Dictyogens,  187;  Bxogens, 
with  their  sub-classes,  188—192. 

Classification  of  fruits,  131 ;  of  plants,  149;  the 
Linnsean  syston  of,  151 ;  illustrations  of,  176 
etseq. 

Clematis,  section  of  a  stem  of  the,  84. 

Cloves,  oil  of,  47. 

Club  mosses,  142. 

Cocoa-nut  oil,  a  vegetable  secretion,  44 ;  its  che- 
mical constituents,  ib. 

Cbcoa-nut  palm,  obtained  from  vegetable  tissnc, 
23. 

Cocoa-nut  shell,  wall-cclls  of  the,  18. 

Cocos  nucifera  (Portuguese  macoco  a  monkey, 
and  Lat.  nucifera  nut-bearing),  the  cocoa-nut 
palm,  23,  44. 

Colchicum  autumnale  (from  the  city  Colchis^  and 
Lat.  "  autumnal "),  starch  cells  of  the,  38. 

Collomia  grandiflora  (Gr.  kolla  glue,  and  Lat. 
grandi^fiora  bright-flowered),  14, 

Collum  (Lat  "  the  neck")  of  the  plant,  58. 
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Ck)lour,  the  numeroiu  shades  of  in  yegctables,  53. 
Colouring  principles  of  plants,  53 ;  the  various 

dyes,  54. 
Compositee,  bracts  of  the  order,  109. 
Compound  leayes,  99. 
Cone,  naked  seeds  of  the,  129. 
ConfervBB  (Lat.  conffro  to  join  or  heal  a  wound), 

ciliated  spores  of  the,  4,  148;  described,  173. 
Conifcroj  (Lat.  *•  cone  hearing  "),  the  fir  tribe, 

19,  20. 
Copal,  whence  produced,  49. 
Coriandrum  sativum  (Gr.  kova  a  bug,  from  the 

smell  of  its  leaves ;  and  Lat.  "  springing  up") , 

oil  of  the,  47. 
Cork,  the  bark  of  exogenous  stems,  77,  78  ;  tannic 

acid  secreted  from,  50. 
Corm  of  plants,  71. 
Comus  maculco  (Lat.  a}mu  a  horn,  and  mactilce 

spots),  intercellular  spaces  in  disease  of  the,  12. 
Corolla  (Lat.  <*  a  littlecrown"),  its  inflorescence, 

112,  113 ;  various  forms  and  specimens  of  the, 

114, 115  ;  its  anatomical  structure,  115. 
Corona  of  the  tree,  73. 
Cortusales,  191. 
Corylus  avellana  (Lat.  corylus  the  hazel-tree,  and 

avellana  a  filbert-nut),  25,  26. 
Corymb,  the,  of  inflorescence,  107. 
Cotton,  the  fibre  of  illustrated,  23. 
Cotton-plant,  a  textile  fabric,  16 ;  seeds  of  the, 

45,  134. 
Cotyledons  (Gr.  kotyle  a  cavity)  of  a  plant,  58 ;  of 

the  seed,  134 ;  seed-leaves,  135,  136. 
Cow  tree,  milky  juice  of  the,  30. 
Creeping  stems  of  plants,  70. 
Cruton  oil,  a  vegetable  secretion,  46. 
CruciferiB  (Lat.  entz  a  cross,  and  fet-o  to  bear), 

starch  secreted  from  the,  32. 
Cryptogamia  (Gr.  krypio  to  conceal,  and  gamia  a 

marriage).  Class  XXIY.  of  LinnsBUS,  172 ;  its 

orders— Filicels,  Lyoopods,  Lichenals,  Fungals; 

and  Algals,  153  et  passim. 
Crystal  worts,  description  of,  174. 
Cubical  cells,  11. 

Cucurbitales  (Lat.  eueurbila  a  gourd),  188. 
Cudbear,  a  vegetable  dye,  54. 
Cupule,  the,  of  inflorescence,  109. 
Curcuma  leucorrhiza  (Arab,  kurkitm  cleansing ; 

Gr.  leukos  white,  and  riza  a  root).  East  Indian 

arrow-root,  35. 
Cuticle  of  the  plant,  60  ;  endogenous  stems,  87. 
Cycas  revoluU  (Gr.  kykas  the  Ethiopian  palm, 

and  Lat.  reooluta  wound  around),  the  Sago 

palm,  34;  hairs  of  the,  66. 


Dandelion,  lacticiferous  vessels  of  the,  S 
Daphnales  (Gr.  daphne  lanrel),  190. 


Daucus  earota  (Gr.  dattcos  hot,  and  Fr.  earotte  a 

carrot),  32. 
De  Candolle,  the  promoter  of  botanical  clasaifica. 

tion,  8. 
Decagynia  (Gr.  deka  ten,  and  gyne  a  female), 

the  order,  153  et  passim. 
Decandria  {Gr.' deka  ten,  and  andre$  males), 

Class  X.  of  LinniDus,  152,  160 ;  the  order,  153 

et  passim. 
Decnrrent  leaf,  101. 
Dehiscence  of  fruits,  131. 
DesmidiesB  (Gr.  desmos  a  hinge),  varieties  of 

the,  5. 
Dentzia  scabra  (in  honour  of  John  Dettfz  of  Am- 
sterdam ;*  and  Lat.  teabra  rough  with  hairs), 

flinty  hairs  on  the  leaf  of  the,  56,  65. 
D.  corymbosa  (Lat.  eorymbtts  a  bunch),  hairs  of 

the,  65. 
Diadelphia  (Gr.  dis  doable,  and  adeipheia  bro- 
therhood). Class  XVTI.  of  Linn»us,  166. 
Diadelphous  stamens,  117. 
Diandrla    (Gr.  dis,  and  andres  males),  118; 

Class  II.  of  Llnnssus,  152, 153 ;  order  of,  153 

et  passim. 
Diatomacea  (Gr.  dia  through,  and  temno  to  cut), 

silicious  skeletons  of  the,  55. 
Diclinous  Exogens,  a  sub-class  of  Lindley,  188. 
Dicotyledonous  seed  (Gr.  dis  double,  and  eotyle 

a  cavity),  136. 
Dictyogens    (Gr.    dietyon  a  net,    and  ^enta 

growth),  aassY.  of  Lindley,  187. 
Didynamia  {Qr.dis  double,  and  clynam w power), 

Class  XIY.  ofLinnsBus,  152,  162. 
Didynamoos  stamens,  118. 
Digynia  (Gr.  dis,  and  gyne  a  female),  order  of, 

153  et  passim. 
DloBOia  (Gr.  dis,  and  oikia  habitation).  Class 

XXII.  of  Linnnus,  152, 171 ;  its  various  orders, 

153, 171. 
Dionssa   musoipula   (Gr.  Dioncea  one  of  the 

names  of  Venus,  and  Lat.  museipula  a  mouse- 
trap), sensitivenesB  of  the,  4. 
Dipsaeus  fuUonum   (Gr.  tUpsdkos  thirty,  and 

Lat.>Wfe  a  fuUer),  the  fuUer's  teasel,  65. 
Disk  of  the  stamen,  128. 
Dissepiments  of  the  pistU,  127, 128. 
Divi-divi,  tannic  acid  obtained  from,  60. 
Dodecagynia  (Gr.  dodeka  twelve,  and  gyne  a 

female),  the  order,  153  et  passim. 
Dodecandria   (Or.  dodeka,  and  andres  males), 

118;    Class  XI.  of  Linmeus,  152,  161;  the 

order,  158  et  passim ;  directians  for  asoertaia- 

ing  its  elass  and  order,  177. 
Dotted  oella,  12. 
Dracaena  Draco  (Gr.  drakaina,  female  of  draco 

a  dragon),  plant  of  the,  49. 

•  Misprinted  Dmtaia  and  Dentt  in  the  text. 
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Dzagon'i-blood*  whence  produced,  49. 

Drosera,  the  sun-dew,  156. 

Drupa,  stone-fruit,  133. 

Dryobalanops  camphora  (Gr.  dryo  a  forest,  and 

ballo  to  germinate),  camphor-oil  of  thej  48. 
Duckweed,  stamen  of  the,  118. 
Ducts  (Lat.  duco  to  lead],  vegetable  tubes,  27. 
Dyes,  Tegetable,  the  various  plants  which  scqrctd 

them,  53. 
Dytious  (Lat.  dytikos  diving),  the  water-beetle, 

27. 

Echiales  (Gr.  eehis  a  viper),  191. 

ElSBagnus  (Gr.  elaia  the  olive),  hairs  of  the,  65. 

Elementary  tissues  of  plants,  5  et  seq. 

Elliptico-lanceolate  leaf,  96. 

Elm  leaf,  95. 

Elm  tree,  pores  and  spiral  fibres  of  the,  17. 

Embryo  of  the  seed,  134 ;  its  direction,  135. 

Endocarp  of  fruit  (Gr.  endon  within,  and  karpos 
fruit),  130. 

Endogens  (Gr.  endon,  and  ginomai  to  grow), 
aass  lY.  of  Lindley,  186. 

Endogenous  stems,  peculiar  to  tropical  regions, 
86;  their  component  parts,  87  ;  sections  show- 
ing their  structure,  ib. ;  the  cuticle,  ib. ;  their 
rascular  structure,  88 ;  the  pith,  89 ;  peculiar 
characteristics  of,  90. 

Endosperm(Gr.  endon,  and  sperma  the  seed),  135. 

Enneandria  (Gr.  ennea  nine,  and  andrca  males), 
Class  IX.  of  Linnffius,  152,  160;  order  cf,  153 
et  passim. 

Epic  oil,  whence  obtained,  46. 

Epicarp  of  fruit  (Gr.  epi  upon,  and  kai-pos  fruit), 
130. 

Epidermis  of  the  plant  (Gr.  epi,  and  dermis  the 
skin),  cells  of  the,  6,  60 ;  a  layer  of  inspissated 
organic  mucus,  60 ;  the  external  layer  of  bark, 
77. 

Epigynous  exogens  (Gr.  ejpi,  and  gyne  a  female; 
exo  and  ginomai  to  grow  outwards),  a  sub- 
class of  Lindley,  171. 

Epigynous  stamens,  117. 

Epiphlffium  (Gr.  fp»,  and  phlao  to  break),  the 
cork  of  the  bark,  77,  78. 

Equisctum  (Lat.  "horse-taU"),  144. 

E.  hiemale,  56. 

Ericalea  (Lat.  erica  heath),  189. 

Euonymus  Japonicus  (Gr.  eu  good,  and  onoma 
a  name ;  Lat.  **  of  Japan  "),  vertical  section  of 
its  leaf,  95. 

Euphorbia  balsamifera  (from  JEuphorbus  a  phy. 
sician,  and  Lat.  "balsam-bearing"),  milky 
juices  of  the,  30,  31 ;  starch-ceUs  of  the,  39. 

Euphorbiales,  188. 

Exogens  (Gr.  exo'  and  ginomai  to  grow  out- 
wards). Class  VII.  of  Lindley,  188;  sub- 
classes of,  188—192. 


Exogenous  stems,  their  various  parts,  75;  the 

pith,  ib. :   the   medullary   sheath,    76 ;    the 

medullary  rays,  77;  the  bark,  ib. ;    various 

sections  of,  77,  81 ;  the  wood,  79 ;    immense 

growth  of,  82 ;  longevity  of,  83 ;  their  cellular 

structure,  84,  85 ;  their  general  configuration, 

85. 

F 
Fagus  (Lat.  "the  beech  tree"),  14. 
Fagus  castanea,  the  chestnut,  26. 
Fascicle,  the,  of  inflorescence,  106,  107. 
Fat,  a  vegetable  secretion,  42. 
Fat-cells  in  animals,  15. 
Ferns,   138;    varieties  and  specimens  of,  139; 

arrangements  of  the  stem,  140 ;  fronds  of  the, 

141;  the  different  genera  of,  175,  176. 
Festuca  pratensis  (Lat.   "a  field  stalk"),  the 

common  meadow  grass,  56. 
Fibre  cells  from  the  leaves  of  different  plants, 

14,15. 
Fibres  of  plants,— elementary,  7,  8 ;  woo<ly,  19 ; 

various  illustrations  of,  20  et  seq. ;  different 

textile  materials,  23. 
Fibrilla  of  the  root  (Lat,  "a  little  fibre  "),  91,  92. 
Fibro-cellular  tissue,  14, 15. 
Ficus  elastica  (Lat.  >£ct»  a  fig-tree,  and  elastica 

elastic),  the  India-rubber  fig-tree,  29. 
P.  Indica  (Lat.  "  Indiim  "),  secretions  of  the,  49. 
F.  religiosa  (Lat.  "sacred"),  the  banyan-tree, 

30,  31 ;  secretions  of  the,  49. 
Ficoidales,  190. 

Fig-tree,  milky  juice  of  the,  31 
Filament  of  the  stamen,  118, 119. 
FiHces  (Lat.  "Ferns"),  175. 
FiUcales,  186. 
Fir  wood,  section  and  glands  of  the,  19 ;  pores  of 

the,  20. 
Fixed  oils,  48. 
Flax,  consists  of  woody  fibre,  21 ;  its  antiquity, 

22;   its  utility  and  value,  22,  23;    fibre  of 

illustrated,  23. 
Flax-plant,  woody  fibre  of  the,  19;  American, 

22. 
Flint,  sources  of,  55. 
Flowerless  plants,  138 ;  ferns,  ib. ;  mosses,  142  ; 

lichens,  145;   fungi,  146;  algte,  147;  sexual 

organs  of,  148. 
Flowers,  organs  of  reproduction  in,  and  their 

various  terms,  105  et  seq.;   instructions  for 

ascertaining  their  class  and  order,  176  et  seq. 
Fluid,  formative,  of  plants,  6. 
Forest  trees,  their  vast  power  of  resistance,  21. 
Fovilla  of  the  stamen  (Lat.  foceo  to  nourish), 

121. 
Fragaria  {L&t,  frogttm  a  strawberry),  9,  10,  26. 
Frog's  foot,  capillaries  of  the,  29. 
Fronds  of  the  fern,  138—141. 
Fruit,  129  et  seq. ;  its  various  parts,  130 ;  the 
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seed  and  the  pericarp,  lb. ;  elndflcatlon  of,  ISl ; 

different  modes  of  dehiseanoe,  131 ;   Tftrioos 

Icinds  of,  1S8. 
Facus  (Gr.  phyhn  floa-weeds),  thxSx  structure 

and  sitoAtion,  173. 
F.    Tedcalosns    (Gr.  phykot,  and  veHetdus  a 

bladder),  146. 
Funaria  hygrometrica  (Lat.  funis  a  rope,  and 

Gr.  "damp-measuring**},  urns  of  the,  143. 
Fungi,  family  of,  146,  147 ;  description  of,  173. 
Fungales,  1S6. 

Funis  of  the  seed  (Lat.  *•  a  rope"),  187. 
Fuschia,  pollen  of  the,  122. 
Fustic,  a  vegetable  dye,  54. 

e 

Gallic  acid,  'whence  obtained,  50. 

Oallionella  sulcata,  silidous  skeleton  of  the,  55. 

Gamboge,  whence  produced,  49. 

Garcinia  purpurea  (in  honour  of  Dr.  Garein, 

and  Lat  "  purple-coloured"],  46. 
Garden  bean,  seed  of  the,  1S6. 
Garryales  (in  honour  of  Mcbolas  Oany,  of  the 

Hudson's  Bay  Company),  188, 
Genei-a  of  plants,  characteristics  of  the,  181 . 
Gentianaies,  191. 

Geraniales  (Gr.  geranion^  a  germinm),  190. 
Ginger,  stamen  of  the,  118. 
Glands  of  woody  fibre,  19 ;  of  plants,  69 ;  their 

characteristics,  76. 
Glans,  the  acorn,  133. 
Gleiditsia,  leaf  of  the,  99. 
Glume,  the,  of  grasses,  108^  109. 
Glumales,  186. 

Gomuto  palm    (Malabar  **a  palm*'),  wine  ob- 
tained from  the,  23. 
Gooseberry,  acid  juices  of  the,  SO. 
Gospypium  (Gr.  gossipion  the  cotton-plant),  45. 
Gourd,  seed  of  the,  6. 

Grains  of  stare*!  in  different  plants,  03,  36. 
Grape  sugar,  whence  obtained,  52. 
Grass,  stem  and  leaf  of,  102  ;  monocotyledooous 

seed  of,  135. 
Grass  oils,  vegetable  secretions,  47. 
Grasses,  starch  secreted  from,  32 ;  inflorescence 

of,  108, 109. 
Gray  and    Green,  principal  colours   in  rege- 

tables,53. 
Gre\r,    Nchemiah,    a    promoter  of  botanical 

science,  3. 
Gridiron  tissue,  18. 

Grossales  (Lat.  prossus,  a  green  llg),  lj92. 
Ground-nut  oil,  a  vegetable  secretion,  45. 
Guizotia  oleifera  (in  honour  of  Ottizot,  and  Lat. 

**  oil-bearing  "),  seed  of  the,  tf. 
Gum,  a  vegetable  secretion,  48. 
Gum-Arabic,  whence  dbtained,  48. 
Gum.8enegal,  whence  obtained,  48. 


Gatta-percha  (Malay,  gntta  gam,  aad  Fereha 

the  island  whence  obtained},  prodnoed  from 

vegetable  Juie<v  81. 
G.  Podiah,  a  vegetable  wax.  46. 
Guttiferales,  189. 
Gymneuralactifentm  (Gr.  gtftnnos  naked,  netara 

nerves ;  and  Lat.  Utetiferum  milk-bearing},  30. 
Gymnogens  (Gr.  fymnoij  and  ginonun  to  grow), 

ClaiB  YI.  of  Lindley,  188. 
GymaospormLa  (Gr.  gymnoa,  and  sperma  seed), 

the  order,  153  et  passim. 
Gynandria  (Gr.  gyne  a  female,  and  anar  a  male). 

Class  XZ.  of  Linnsus,  U2, 168. 
Gynandrous  flower,  121. 
Gyrophora  murlna    (Gr.   gyrot  a  circle,  and 

li7M>ro  to  bear),  54. 


Htcmatoeoeeiis  binalls   (Gt.  haima  blood,  end 

hokkot   a  berry;    Lat.   Hadlis  dosble},   its 

various  stages  of  development,  16. 
Hnmatoxykm  campeehianum  (Gr.  hauna,  and 

xylon  wood ;  Lat.  eamput  an  open  field). 
Hairs  of  plants,  65  ct  seq. ;  varieties  of,  66, 67  ; 

circulation  of  th^  67;   different  names  and 

properties  of,  67. 
EOampton  Court,  botanical  gardens  of,  8. 
Hastate  leaf  (Lat.  <'  spear^haped  *'},  97. 
Hasel  nut,  spiral  vessels  of  the,  26. 
Haliebore  footldas  (Lat.  **  sUnking  lidX^xe*^, 

poisoaons  secretions  of  the,  67. 
Hemlock  bark,  tannic  acid  obtained  firom,  50. 
Hemp  consists  of  woody  fibre,  21 ;  its  power  of 

resistanee,  22. 
Heptagynia    (Gr.    hepta    seven,   and  gjfme   a 

female),  tiie  order,  153  et  passim. 
Heptandria  (Gr.  fteji^a,  and  aridres  maitt).  Glass 

yn.  of  Linnffiua,  152,  15S;  the  order,'  158  et 

passim. 
Herbaceous  plants,  different  parts  of,  60. 
Herbs,  their  component  parts,  74. 
Heterotropal  of  the  seed  (Gr.  Iteteros  irrefolar, 

and  trope  a  turning),  133. 
Hezagynia  (Gr.  hex  six,  and  gyne  a  female), 

the  order,  153  et  passim. 
Hcxandria  (Gr.  Ac*,  and  andres  males),  Qb» 

VI.  of  LinnsBus,  152,  157,-  order  <>f,  1^3  et 

passim. 
Hilum  (Lat.  the  "black  speck  of  a  bean"),  136. 
Horse-tails,  notices  of,  174, 175. 
Hya-hya,  milky  juices  of  the^  30, 
HydnUes,  187. 
Hydroeotyle  vulgaris    (Gr.  hydor  water,  and 

eotyle  a  cavity ;  Lat.  "  oommoa*'},  lea/  oX  tbe, 

95. 
Hypnnm  cartrensis  (Or.  h^pnos  sleep,  and  Lat 

-•pertaining  to  the  fieW),  143. 
Hypocrateriform  corolla  (Gr.  upo  under,  kraiitr 


Digitized  by  VjOOQIC 


■IKTiySX. 


463 


a  cap,  «Bd  Lat.  ptrma.  fbrm ;  Lmt.  eomXia  « 

ttttteemwn),  lis. 
HypoffDOVB  Exogen  fOr.  «po,  and  jgrne  a 

fBonle,  tfM^ww  9r««lBg  outwards^  a  sob- 
<  ^a»  of  liAdler,  169. 


Ieoaandria.<Or«  iflfctaf  frreaty,  and  oiulnM  i— Tiwy, 

118;   Class  XII.  of  LinzuBiu,  US,  i«;  the 

order,  153  et  passim. 
Illiciom  anisatam  (J^t.  Mieib  te  enure,  ead  ««£- 

fttffi  the  herb  anise},  13. 
Ilpa  oil,  ^hmee  expreesed,  4K. 
taiMMtad  aeiaes  of  Hm  leaf-bad,  104. 
Indian  corn,  oil  secreted  ixo/tHy  tf. 
India-rubber,  produced  fran  nvgetable  jaioe,  %\, 
Indta-T«%ber  flg-tree,  milk  Teasels  of  the,  29. 
Indigo,  a  regetable  dye,  54. 
Indigofera  tinetoria  (Lat.  In^a  Indian,  and 

fero  to  bear  ;  titicttts  a  dye),  54. 
Infloreseonee  of  plants,  105;  ^eTarioos  terms, 

procesiea,  and  specimens  of,  105  et  seq. ;  the 

difllerent  members  of,  179  et  seq. 
Inter^selli^hKr  spaces  of  plants,  12 ;  importance 

of,  ib. 
Inyolucre  (Lat.  tneoTuenaa  acoTeting),  the  com- 

mon,  109. 
Iris  (Gr.  ••the  rainbow  "),  starch  grains  of  the, 

38  ;  stomata  of  the,  61. 
iTory  nut,  sections  of  its  bark,  and  ISucik  wall 

cells,  18. 

J 
Jasminum  graadlflonmi  (Gr.  ia  a  TlcArt,  and 

osme  smell;  Lat.  ** superbly  flowered'^,  oil 

of  the,  47. 
Julians  regia  (Lat.  Jotiaglans  ttie  ttnt  of  Jove, 

and  regia  royal},  the  waTI-nut,  26. 
Jnncales  (Lat^tmctw,  a  rush),  187. 
Jungennannla(from  Loufe^«»^*nn«»J,  fibres  of 

tbe,  7;  fraotifleation  of  the,  141—174. 
Jossieu,  the  distinguished  promoter  of  botanlcftl 

classilloatlon,  3. 

Kew,  botanical  gardens  of,  3. 
Kino,  tannic  acid  obtained  from,  SO. 
Kxriaghuma,  milky  juices  of  the,  3D. 
Eokum  butter,  whence  obtained,  4$. 
Eutch,  tannic  acid  obtained  from,  90. 


Iiae,  a  resinous  seereflott,4B,  49 ;  Tarionsvpedes 

of,  49. 
Lace  tree,  iNffk  of  the,  21,  T8. 
LaetMfenmi  'vessels  (Lat.  foemlUE,  and  fen  to 

^ear%  t8, 19 ;  Ibcir  great  ufifity,  30. 
Lagetta  lintearia  (the  name  in  imnaiea;  Let. 

emanina  mn-oBej,  xm  nee  xree,  *i,  To. 
Lamina,  tke  UKb«rihe  tatf, «. 


Laneeolate  leaf,  06. 

Larch  bark,  tannic  aeid  obtained  from,  50. 

Lavandula  (Lat.  Umo  to  wash),  IsTeader  oH,  47. 

Leaf-bud  of  plants,  103, 104. 

Leaves,  stomata  of,  61  et  seq. ;  of  endogenous 

ldants,1M);  definition  oftbe  term,  02;  venation 

o^  91 ;  eelhilar  straeture  of,  94;  their  forms, 

•95  et  seq.;  oonrist  of  two  paxts— the  petiole 

and  the  lamina,  06 ;  dxtided  into  simple  and 

oorapoand,  96 ;  flie  distinffuis'hing  features  of 

plants,  179. 
Leek,  cdte  from  the  Howeriag  rtems  of  the,  9. 
Leeawenlhoeck's  botanieai  investigations,  36. 
Legumen,  pulse,  138,  134. 
Lemons,  cdl  of,  47. 
Leontedon   (Gr.    leontoa  and  wUna  the  lion's 

tooth),  the  dandelion,  28. 
Ltber,  the  vascular  part  of  the  bai^  of  trees,  78. 
Lichens,  eharaeteristics  of,  145 ;  description  of, 

174. 
Lichenales,  106. 
lily,  transverse  Straeture  of  its  leaf,  00 ;  stomata 

of  the,  62 ;  naked  bulb  of  the,  71 ;  stamen  of 

the,  118. 
Liliales^  187. 
Lhne  tree,  duels  of  the,  27 ;  raphides  from  its 

basic,  42. 
Limaoekatis  Ftameri  (Gr.  limne  amarifh,  and 

chartB  dear),  air-chambers  of  tbe,  12. 
L.  fiamboldtii,  milk  vessels  of  the,  29,  80. 
Lindley,  Dr.,  his  dassification  of  fruits,  131 ;  his 

natural  system  of  plants,  184  et  seq. 
Limuras, -the  great  promoter  of  botanical  sci. 

ence,  3 ;  his  system  of  classification  by  Glasses 

and  Orders,  151—172 ;  Us  sexual  system,  152. 

Oa  thepraetical  apptieation  of  his  system,  17C 

etseq. 
Linseed  oil,  a  vegetable  secretion,  44,  45. 
linum  (Lat.  **  the  Hax  plant  •*),  wood/  fibre  of 

the,  10. 
Liverworts,  foliaceous  organs  of  the,  141,  145 ; 

description  of,  174. 
LocuUcidal  dehiscence  of  fhiH,  181. 
Logwood,  a  vegetable  dye,  54. 
Lycopodium   aphodiimi  (Gr.  lykoa  a  wolf,  and 

pom  a  foot;  ajw  from,  and  oiom  a  tooth], 

142. 
Lyoopodales,  180. 
Lyrate-ahapedleaf,  97. 


Madder,  a  vegetable  dye,  54. 
Mallow,  monodelphoas  stamens  eflSie,  117. 
Malvales  (Lat.  nuUva  the  herbMallvirti),  189. 
Mandiocca  farinha,  stareh  secreted  fkom  the,  88 
Manare,  tfHdoua  oontents  of,  57. 
Maple  troe,  Che  sngar-yieldhig,  08 ;  eeetioa  oi 
the,  75. 
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Xaiehantia  (in  honour  of  Nicholas  MardkoMt  oi 

France),  atonata  of  the,  63. 
M.  polymorplia  (Gr.  polut  much,  and  morpke 

change),  144, 145. 
Mareo  Tcio,  his  botanical  reaearehes,  3. 
Minrilga  pobescena  (in  honoor  of  Count  Mar- 

$igli  of  Bologna ;  Lat.  pubeteau  modest),  142. 
Martin,  M.,  hia  botanical  inTeatigationa,  36,  37. 
Keadotrgraai,  alidooa  coating  d^  56. 
MednHary    raja    (Lat.    medulla    Barrow)   of 

exogenooa  stona,  75,  77. 
Xednllarysiieath  of  exogenous  atana,  76. 
Mdaleoea  (Gr.  wulas  blade,  and  leucM  white), 

oa  of  the,  47. 
Membrane,  elementary,  formation  of  the^  6. 
Meniqwnnales  (Gr.  wiene  the  moon,  and  tperma 

seed,  188. 
Mentha  peperata  (from  the  mythological  nymph 

of  that  name,  and  Lat.  **  peppered*'),  pepper- 

mhitoi],47. 
M.  Tiridis  (Lat.  "  green"),  spear.4nint  oil,  47. 
MesophlflBum  (Gr.  me»os  middle,  and  phlao  to 

break),  a  dirision  of  the  bark  of  trees,  77,  78. 
Menm  foenicolatam  (Gr.  meion  lesser,  and  Lat. 

feenum  hay),  oil  of  the,  47. 
Milk-bearingyessels,  28, 29 ;  theirtreatatOity,  30. 
Mimosa(Gr.  mimoi  amimic),  the  sensitiTe  plant,  4. 
Mimosa  bark,  tannic  add  obtained  firom,  50. 
Miniak  kawon,  the  tallow  tree  of  Java,  46. 
Monandria  (Gr.  vumoa  one,  and  aii«r  male),  118 ; 

daas  I.  of  UnnsBOS,  152, 153 ;  the  order,  153  et 

passim. 
Monocotyledonoos  seeds  (Gr.  numos,  voAJtotyle  a 

cavity),  135,  136. 
Monodelphia  (Gr.  monoSf  and  adelphos  abrother). 

Class  XVL  of  LumsBos,  152, 1G5 ;  the  order,  153 

et  passim. 
MonoddpboQS  stamens,  117. 
Manooda  (Gr.  mofios,  and  oikia  a  habitation), 

Class  XXI.  of  LimueaB,  152, 169 ;  the  order, 

153  et  passim. 
Monf^ynia  (Gr.  motioSf  and  gyns  a  female),  the 

order,  153  et  passim. 
Morison,  Bobert,  a  great  promoter  of  botanical 

sdence,  3. 
Mosses,  organs  of,  and  yarieties,  142  ct  seq. ;  de- 
scription  of,  174;   scale    mosses,  174;    urn 

mosses,  175. 
Mucor  mncida  (Gr.  mykis  a  small  fungus,  I^t* 

"  sUmy"),  147. 
Mummy  doth,  a  texile  fiiibric,  16. 
Mnriform  cells,  11. 
Musa  paradlsaica  (Lat.  "  the  Muse  of  Paradise  "), 

the  Banana  tree,  11. 
Muscales  (Gr.  moschot  musk),  186. 
Mushrooms,  OToid  cells  of,  10 ;  elongated  cells, 

11 ;  different  kinds  of,  11 ;   family  of,  146, 

147;  description  of,  173. 


Mualard  seed,  a  yi^dafale  aeeretion,  4&. 

Myosotis  (Gr.  mgot  a  monae,  and  ofosof  the  ear), 
characters  of  the  genns  and  speeia^  181. 

Myrodendron  pnnctuatnm  (Gr.  aqirni  ointment, 
and  dendnm  a  tree;  Lat.  pmmetm  pointed), 
atomata  of  the,  63. 

Myrrh,  wlienceprodneed,  49. 

Myrtle  wax,  aTsgetaUe  aecretion,  47. 

MyrtalcB,  191. 

Naidsnu,  eonma  of  thc^  114. 

Kardassles,  187. 

Natural  system  of  plants,  183  et  aeq. 

NayienIagrandis(LaL  '*  a  small  boat"),  silidoos 

skeleton  of  the,  55. 
Nectary,  use  of  the  term,  182. 
Nepenthes  (Gr.  "  removing  sorrow"),  pitcher  of 

the,  103. 
Neiinm  oleander  (Gr.  nem  humid,  and  "Uie 

dive  tree"),  60 ;  stomata  of  the,  62, 63. 
Nettle,  stinging,  characteristics  of  the  genus  asd 

^ledes,  182. 
Nodes  of  a  plant  (Lat.  nodus  a  knot),  53,  59. 
Nudeus,  the  growing  point  of  the  ovule,  129, 131. 
Nuphar  lutea,  the  yellow  water-lily,  11. 
Nut-gaUs,  a  vegetable  dye,  54. 
Nutmeg,  aril  of  the,  137. 
Nymphflsa    alba    (Lat.    "the     white    Watpr- 

nymph*'),  114. 
Nymphales,  189. 

0 
Oak  bark,  tannic  add  secreted  from,  50. 
Oak-galls,  whence  obtained,  50. 
Oat,  sUicious  formation  of  tiie,  56. 
Ob-eordate  leaf,  97. 
Obovate  leaf,  97. 
Ochrea  (Gr.  ochros  yellow),  the  sheath  of  the 

stem,  103. 
Octandria  (Gr.  oeto  eight,   and  andres  males}, 

Class  YIII.  of  Linnaeus,  152,  159 ;  the  order, 

153  et  passim. 
CEnothera*  biennis  (Gr.  oinos  wine,  and  theros 

summer ;  Lat.  "  twice  a  year  **),  pollen  tubes 

in  the,  122. 
Oi&Mt  of  plants,  73. 
Oils,  vegetable  secretions,  42,  43,  47  ;  their  long 

preservation,  42 ;  their  social  uses,  43 ;  their 

great  variety,  43—46. 
Olea  Eurcqrasa  (Lat.  olea  oil),  olive  oil,  43. 
Oleo-resins,  48. 

Olive  oil,  a  vegetable  secretion,  43. 
Onion,  raphides  found  in  the,  41. 
Ophioglossnm  vulgatum  (Gr.  ophU  a  serpent, 

and  gloaaa  a  tongue),  fructification  of  the,  139. 
Opium,  a  vegetable  secretion,  50 ;  its  cultivatioQ 

and  uses,  51. 

'  Misprinted  .£hoMera  in  the  f  •  t. 
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OpantiavolgariB  (from  Opu*  a  city  of  LocriB,  and 
Lat.  vulgaris  common),  fibre  cell  from  the,  14. 

Orange,  ceUa  of  the,  9, 10. 

Orange  flowers,  oil  of,  47. 

Orange  tree,  compound  leaf  of  the,  101. 

Orbicnlar-lobed  crenate  Leaf,  98. 

Orchall,  a  vegetable  dye,  54. 

Orchis  (Gr.  orchis  a  plant),  fibre  ceUs  from  the 
leaves  of  the,  14,  15 ;  gynandroos  flower  of 
the,  131. 

Orohidales,  187. 

Orders  of  plants  of  Linnseos,  153 — 172  ;  direc- 
tions for  ascertaining  the,  178.    See  Classes. 

Organs  of  plants,  57  et  seq. ;  of  reprodaction, 
105  et  seq. 

Oryza  sativa  (Gr.  on/za  rice;  and  Lat.  sattca 
that  may  be  sown),  common  rice,  56. 

Orthotropal  of  the  ovule  (Gr.  orthos  nght,  and 
trope  a  turning),  128, 129, 135. 

Ovary  of  the  pistil,  123, 124 ;  illustrations  of  the, 
126. 

Ovule  (Lat.  ovum  an  egg),  the  unripe  seed  of  the 
plant,  1 28 ;  its  various  parts  and  names,  128, 129. 

Oxalate  of  lime  raphides,  crystals  of,  42. 

Oxalic  acid,  whence  derived,  50. 


FaleflB  of  inflorescence,  109. 

Palm,  arrangement  of  woody  fibre  in  the,  88. 

Palm  forest,  of  endogenous  growth,  86. 

Palm  oil,  a  vegetable  secretion,  44. 

Palm  sugars,  whence  obtained,  52. 

Palm  wine  obtained  from  vegetable  tissue,  23. 

Palmale8,*187. 

Palmate-leaf,  98. 

Palms,  various  species  of;  23. 

Palmyra  palm,  wine  obtained  from  the,  23,  24. 

Palo  deVaoca  (Span.  **the  cow  tree"),  milky 

juices  of  the,  80. 
Pandanus,  the  screw  pine  (Malay  "  something  to 

be  regarded"),  emits  aerial  roots,  91. . 
P.  ordoratissimus  (Malay  Pandanu*,  and  Lat. 

<*mo8t  odoriferous"),  oU  of  the,  47. 
Panicle,  a  raceme,  106, 107. 
Papaver  ( Lat.  "  the  poppy  "),  28. 
P.  somnifenmi   (Lat.  papaver,  and  aomnifer 

causing  sleep),  45. 
Papayales  (Malabar  jMipaia  the  Papaw  tree),  188. 
Paper,  manufacture  of,  6 ;  materials  from  which 

it  is  manufactured,  16. 
Pi^nlionaceous  form  of  corolla,  115. 
Pappus,  a  superior  calyx,  HI. 
Papyrus  (Lat.  "  paper  "),  early  use  ol^  16. 
Parenchyma  (Gr.  para  from,  and  ehymos  Juice), 

the  cellular  tissue,  8 ;  connexions  and  func- 
tions of  the,  95. 
Parmelia  (Lat.  parma  a  shield,  and  heileo  to 

ineloee),  sectioii  of  a  shield  in  the,  146. 


P.  perlata,  and  P.  tartarea,  vegetable  dyes,  54. 

Pea,  starch  cells  of  the,  35,  39. 

Peach  wood,  a  vegetable  dye,  54. 

Pear,  thick-waUedceUs  from  the,  13 ;  acid  juicea 
of  the,  50. 

Peduncle,  the  foot  stalk,  105 ;  of  the  pistil,  123, 124- 

Pentagynia  (Gr.  pente  five,  and  gjfue  a  female), 
the  order,  153  et  passim. 

Pentandria  (Gr.  pente  five,  and  andre*  males). 
Class  y.  of  Linnaeus,  155 ;  the  order,  153  et 
passim. 

PerfoUate  leaf,  101. 

Perianth  (Gr.  peri  around,  and  anthos  a  fiower), 
a  part  of  inflorescence,  109,  110. 

Pericarp  of  fruit  {Gt.peri,  and  karpoe  fruit),  130. 

Perigynous  Exc^ns  (Gr.  peri,  and  gyne  a  fe- 
male; exogens  growing  outward),  a  sub-class 
ofLindley,189, 190. 

Perigynous  stamens,  117. 

Perisperm  {Gr.  peri,  and  sperma  the  seed),  135. 

Persian  berries,  a  vegetable  dye,  54. 

Perspiration  of  plants,  17. 

Petals  of  the  corolla,  113;  stamens  converted 
into,  114. 

Petiole,  the  leaf-sUlk,  96;  described,  101, 102. 

Pharus  cristatus  (Gr.  pharos  a  covering;  and 
Lat.**  bearded"),  96. 

Phragmites  {Gr. phragmos  a  hedge),  section  of 
its  stem,  90. 

Phytelephus  macrocarpa  (Gr.  phyton  a  plant, 
and  elephas  ivory;  makros  long,  and  karpoe 
fruit),  the  ivory  nut,  13. 

Phytozoa(Gr.  pAy  ton  a  plant,  and  zoa  living),  145. 

Pimpinella  anisum  (Lat.  bipinnatus  twice  pin- 
nate, and  "anise  "),  aniseed  oil  of  the,  47. 

Pinnate  leaves,  various  forms  of,  99, 100. 

Pinnatifid  leaves  (Lat.  pianatus  feathered),  97. 

Pinus  palustris  (Lat. "  the  marshy  pine ''),  vege- 
table secretions  of  the,  43. 

P.  sylvestris  (Lat.  "  the  wood  pine  "),  84. 

P.  Webbiana,  thick- walled  cells  of  the,  7. 

Piperales  (Lat.  piper  pepper),  190. 

Pistil,  the  female  part  of  inflorescence,  122—128  ; 
Greek  terms  applied  to,  and  its  different  parts, 
123  ;  the  distinguishing  characteristics  of  the 
orders  of  plants,  178  et  seq. 

Pisum  (Lat.  "a  pea"),  starch  cells  of  the,  3j,  39. 

Pitch,  a  vegetable  secretion,  49. 

Pitchers  of  various  plants,  103. 

Pith  of  exogenous  stems,  75,  76 ;  uses  of,  70 ;  of 
endogenous  plants,  89. 

Pitted  tissue,  17 ;  its  importance,  18. 

Placentse  (Lat.  placenta  a  cake)  of  the  ovule, 
127, 128, 129 ;  of  the  seed,  136. 

Plantain,  starch  secreted  from  the,  33. 

P1.ANT8,  early  classification  of,  3 ;  the  correct  de- 
finition of,  3,  5;  sensitiveness  of,  4;  anatomy 
or  structure  o^  5  ;  the  tissues  o^  6  et  seq. ; 
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the  woody  fibre  of,  19 ;  the  lacticHermtB  Tte- 
■els,  28;  Becretions  of,  81—56;  ookmring 
principles  of,  M ;  organs  ot,  4? ;  the'  stem,  58 ; 
the  nodes,  lb.;  the  cuticle,  60;  the  stomata, 
61 ;  hairs  of,  65 ;  prickles,  68 ;  scurf  of,  ib. ; 
the  glands  of,  69 ;  the  sterna,  70  et  scq. ;  divided 
into  trees,  idirubs,  and  herbs,  74 ;  the  pith,  76; 
the  bark,  77  ;  the  wood,  79 ;  immense  growth 
and  longevity  of,  82, 83 ;  cellular  structure,  84 ; 
vascular  structure,  88 ;  the  pith,  89;  the  roots, 
90;  the  leaves,  92—104;  the  inflorescence, 
105  et  seq. ;  the  stamens,  116  et  seq. ;  the 
pistil,  123;  ftruits  of,  131;  the  seed,  134; 
flowerless  plants,  138  ;  ferns,  ib. ;  mosses,  143  ; 
Uchens,  145 ;  alg»,  147 ;  their  classification, 
149 ;  the  Llnnsean  system  of  classifying,  151— 
182 ;  characteristics  of,  179  et  seq. ;  the  natural 
order  of  classification.  183;  Dr.  Lindley's  sys- 
tem of  classifying,  184- 192. 
Pleurenchym  (Gr.  pleuron  a  side,  and  cMpnos 

juice),  a  woody  tissue,  18. 
PleurothaUs  (Gr.  pleuron^  and  thalia  bloom), 

fibre  cell  ftom  its  leaf,  14. 
r.  ruscifolia  (Gr.  P.  and  Lat.  **  russet  leaves  "), 

cells  in  the  leaf  of  the,  15. 
Pliny  tallow,  whence  produced,  46. 
Plumule  of  the  plant  (Lat.  pluTna  soft  down), 

68 ;  of  the  seed,  136. 
Pollen  of  the  stamen,  118—121 ;  grains  of  the,  122. 
Pollen  tubes,  121,  122. 

Polyandria  (Gr.  po?y*  many,  and  andres  males) ^ 
Class  XIII.  of  Linnaeus,  152,  162 ;  the  order, 
153  et  passim. 
Polyandrous  fiower  of  the  poppy,  118. 
Polydelphia  (Gr.  polys^  and  adelphoi  brethren), 

Class  XVIII.  of  Linnaeus,  152,  167. 
'  Polydclphous  stamens,  117. 
Polygamia   (Gr,  polys^  and  gamoa  marriage). 
Class  XXIII.  of  Linnaeus,  152, 172 ;  the  order, 
153  et  passim. 
Polygynia  (Gr.  polys,  and  gym  a  female),  the 

order,  153  et  passim. 
Polypodium  vulgare  {Gr.polyBf  andpodes  feet), 

the  common  fern,  139. 
Polytrichum  commune    (Gr.  polys,  and  inches 

hairs),  antheridinm  ofthe,  143. 
Pomum,  the  apple,  133. 

Poppy,  lacticiferous  vessels  of  the,  28 ;    polyan- 
drous flowers  of  the,  118 ;  placentae  in  the,  128. 
Poppy  oil,  a  vegetable  secretion,  45. 
Pores  of  plants,  17  ;  of  woody  fibres,  20. 
Potato,  section  of  a,  5 ;  its  vegetable  secretion, 
32 ;  starch  cells  of  the,  35,  39 ;  disease  in  the, 
40 ;  in  its  healthy  and  diseased  conditions,  ib. ; 
underground  stem  of  the,  70. 
Potato  plant,  spiral  vessels  of  the,  26 ;  stamen  of 
the,  118. 
I   Prickles  of  plants,  68;- 


Primiiie  ofthe  oml^  13^,  ]S9y  i9L 

PromcUa  perforata,  I4€. 

Protococcus  viridis  (Gr.  proto&  the  first,  and  tie^ 

eus  berry ;  Lat.  viridis  green),  elustersof,  5* 
Pseudo-bulbs  of  orcfaidaeeotn  ^flnfs,  79.- 
Pteris  aquilinu  (Gr.  ptefis  ft  fera,  and  IM.  afai. 

/ma  eagle-likej,  28. 
Pterocarpas  Santalinos  (Gr.  jifero*  winged,  and 

earpos  fruit),  54. 
Pyroligneous  acid  (Gr.  pyros  fire,  and  Lat.  Kg- 

num  wood),  whence  obtained,  50;  its  uses^  fl>. 


Quekett,  Professor,  lectures  of,  8. 

Quercitron  bark  (Lat.  querela  an  oak,  and  cit- 

rt$s  citron),  a  vegetable  dye,  54. 
Quercus  (Lat.  "  an  oak  ")»  t^e  varions  species 

whence  tannic  acid  is  obtained,  50. 
Q.  infectoria  (Lat.  Q.  and  ir^fieio  to  dye),  54. 
Quemales,  188. 

H 
Bacemc,  the,  of  inilof^seence,  K>6, 107. 
Badicle  of  a  plant,  58 ;  ofthe  seed,  136. 
Ramalina  furfuracea  (Gr.  ramafe  a  wifhered 
bough;  and  Lat.  fur/ur  bran),   a  vegetable 
dye,  54. 
Ramenta  of  plants  (Lat.  tamenUim  the  scraping 

of  anything),  69. 
Ranales  (Lat.  rantB  frtgi),  1^9. 
Rape  oil,  a  vegetable  secretioii,  45. 
Raphd  of  the  ovule,  129. 
Raphides  (Gr.  r aphis  a  needle),  vegetable  s^cre' 

tions  of,  41 ;  found  in  the  common  onion,  ib. 
Rat,  cartilage  from  the  ear  of  a,  15. 
Ray,  John,  a  promoter  of  botanical  science,  3. 
Receptacle  of  flowers,  105.       ' 
Red,  one  of  the  principal  colours  in  vegetalAes,  53. 
Red  Sanders,  a  vegetable  dye,  54. 
Reed,  section  of  its  stem,  90. 
Renitbrm  leaf  (Lat.  "kidney-shaped"),  98. 
Reproduction.    See  Organs  of. 
Resin,  a  vegetable  secretion,  48. 
ReUculated  duct,  27. 
Rhamnus  infectoria  (Gr.  rhamnos  a^ white  thorxi, 

and  Lat.  inficio  to  dye),  54. 
Rhamnales,  191. 
Rheum,  the  rhubarb,  411 
Rhizogens  (Gr.  rAisa'a  root)  and  ^nomat  to 

grow).  Class  III.  of  Lindley,  186. 
Rhubarb,  crystals  found  in  the  root  of  th'e,  4L 
Rhus  coriaria  (Lat.  "  rue,''  and  corium  leather), 

tannic  acid  obtained  from,  50. 
B.  cotinus  (Lat.  B.  and  cotinui  a  wild  ol^te)^  5i 
Rice,  starch  cellft  of,  35,  3d. 
!  Rice  paper  of  the  Chinese,  section  of  the,  16. 
I  Ricinus  communis  (Lat.  rtcint/sthe  name  cf  an 
insect  resembling  the  flower,  and  cmnmtMU 
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edmnKm),  httw  trtm,  the,  8;  dMt«r  oil  cx- 
frikefed  from  the  seeds,  46. 

Kin^nt  ooroUa,  115. 

Roceella  fticifonliis,  «ttd  R.  tlnctoria  (Porfngr. 
rotfcAa  a  rock),  vegetable  dyes,  54. 

Xioots  of  plants,  90,  91. 

Rootstock,  of  plants,  73. 

Hose,  specimen  of  a  perjfitet  one,  118. 

Rosalea,  190. 

nosetanglee,  sea-ireeds,  deseribed,  173. 

Ho^Hbailntis  (Lttt.  ros  dew,  ftnd  <»«rin<« pertain- 
ing to  the  sea),  oil  of,  47. 

Riibia  tittctoria  (Lat.  rtibtn  fed,  and  iinetifi  a 
dye),  54. 

Runner,  roots  and  leares  of  Ibe,  72 ;  a  creeping 
stem,  ib. 

Rusb,  star-shaped  cells  from  the  stem  of  n,  11. 

Russia  leather,  causes  of  its  durability,  47. 

Rutales  (Sa±.  ruftt  fue),  190. 


Sacchal-ihum  oiHcInale  (Lnt.  saadhartm  sn^f, 

and  offlelHaU  of  the  shops),  ^presentation  of 

the,  52,  90. 
Saccolobium  gnttatnm  (Gr.  sakko^  a  sack,  and 

lohbi  a  lobe;   Lat.    guttdtum  drop-spotted), 

fibre  cell  from  its  leaf,  14. 
Saffloii?er,  a  vegetable  dye,  54. 
Sage,  stamen  of  the,  118;  pollen  of  the,  122. 
Sago  palm  (Malay  soffu  a  palm),  starch  cells  of 

the,  84,  85,  39;  hairs  of  the,  66 ;  fibres  of  the, 

134. 
Saguerus  saccharifeirti  (Javanese  ^agu  "h  palto- 

tree,  and  Lat.  "  sugar-bearing"),  wine  obtained 

from  the,  23. 
Salisburia  adiantifolia  (frofti  R.  H.  Salisbury; 

Gr.  adiantoa  dry,  and  Lat.  foUh  leaves),  bor- 
dered pores  of  the,  20. 
Salix  (Lat.  "the  Tvillow"),  27. 
Salvia  (Lat.  "  sage"),  pollen  of  the,  122. 
Sambucns  nigra  (GV.  sambuke  an  antiient  hatp 

made  of  elder  wood,  and  Lat.  nigra  black), 

pith  of  the,  75. 
Santalum  alba  (Persian  'Shn-ditUsnfed  the  sandal- 
wood of  India,  and  Lat. "  white  ^'),  oil  of  the,  47. 
Sapotacea  (Lat.  aapo  soap),  feltfes  of  the,  81. 
Sapindales,  189. 

Sarcina  (Lat.  "  apack"),  cells  of  the,  8. 
Sarcocarp  of  fruit  (Gr.  sat^a  of  flesh,  and  fe»rpo5 

fruit),  130. 
Sarracena  (in  hononr  of  Dr.  Safrdain  of  Quebec), 

pitcher  plant  leaf  of  the,  103. 
Saxifragales  (Lat.  aasBMn  a'stoae^iiintt  fra»igoUi 

break-Saxifrage),  190. 
Sealariform  duct  (Latw  seata  a  Ihddezv  «nd^rma 

form),  27,  28. 
Sclale  mosses,  their  elAitielerisHca,  144;  notion 

of,  m. 


Soape  of  the  flower,  100. 
Scarlet  Pimpernel,  dehiseeace  of  tte,  131* 
Schizagonium  mnrato  (Gr.  »ehim  a  deft,  arid 
ptm«  seed ;  Lat.  mwoHt  pertointK;  to  a  wall), 
filament  of  the,  5. 
Scilla  Maurltanica  (Gr.  MUa  a  balb.  Kid  Lat. 

"Mauritanian"),  the  squill,  41.  . 
Scirpus  Romanus  (Lat.  "abaU-rash"),  poUoi 

of  the,  122. 
Sclerogen  (Gr>,  ikUrta  hard,  and  gennao  to  en- 
gender), tbe  tissue  so  called,  7;  eo&eentrie 
layers  of,  14. 
Sootch  fir.  Its  nnmefroQs  eeotfonal  rings,  S4. 
Screw  pine  emitting  afoial  roots,  91,  92. 
Scurfof  plants,  68. 
Sea -weeds,  cellular  etrnetares  of,  148;  family' 

of,  147 ;  the  fucus,  173.    See  Algae. 
Secretions  of  plants,  woody  fibre  ttie  atorebottM 
of  the,  20 ;  starch,  raphides,  oils,  fkts,  gums, 
acids,  opium,  sugar,  silica,  &e.,  81—55 ;  reser- 
voirs of,  48. 
Secundine  of  the  ovule,  129, 184. 
Seed  of  flowers,  18,  134;  its  various  parts,  ib.  5 
its  relation  to  the  fruit,  185;  the  different 
terms  applied  to»  135. 
Semianatropal  of  the  ovule  (Lat.  xemihalf,  Gr.  ama 
backwards,  and  frop«  a  turning),  128, 129, 136. 
Sempcrvivnm  teotontm  (Lat.  itniptr  vivo  to  live 
for  ever,  and  fddfwm  a  roof),  the  common 
house  leek,  73. 
Sensitiveness  of  plants,  4. 
Septa  (Lat.  septum  a  wall)  of  the  ovule,  127. 
Septicidal  dehfeoenee  of  fruit  (Lat.  septum,  and 

<»e(fot6out),  181. 
Septifragal  dehiscence  of  fruit  (Lat.  ^eptam,  and 

frango  to  break),  ISl, 
Serrate  leaves  (Lat.  serrata  sawJike),  97. 
Sesamum  orientate  (Lat.  sesama  «esame,   aad 

"oriental"),  46. 
Sesamum  oil,  a  vegetable  aeeretion,  46. 
Sessile  infloresoence,  examples  of,  105. 
Sessite  leaves  (Lat.  eent'/wcreeping),  96. 
Sexual  organs  of  fiowerJ«s8  pianits,  148. 
Sexual  system  of  LinnflBue,  152. 
Shea  butter,  whence  obtained,  46. 
Shell-lac,  a  vegetable  secretion,  40. 
Shrubs,  their  com{ioB«it  parts,  74, 
Silenales,  190. 

Silica,  vegetable  secretions  of,  55 ;  sourees  «f, 
55,  56.;    proportibn  of  111  vantous  VQgetabljBi 
substanees,  67. 
Silicnloea  (Lat.  "asmall.pod'»>,  ^loowler,  153 

et  passim. 
Siliqua,  a  pod,  133, 134. 
SUiquosa  (Lat.  "alatgepod*'),  41m  <ffder,  IS? 

et  passim. 
Silk,  produced  from  the  anhaal  jclfl|:diun,  22;  jts 
po#<^r  6f  xMiBtoane,  32 ;  iUi9»of  Ittattratcfil,  92, 
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Sinapis,  the  nrastard  plant,  46. 

Slpbonia  eiastica  (Gr.  aipbon  a  siphon,  and  Lat* 

«'  elasUe  >*),  milky  Juice  of  the»  31. 
Solanum  taberosam  (Lat.  solamwm  the  night- 
shade, and   ttiberoatM  oellnlar),  the  potato 

plant,  26,  32;  stem  of  the,  70. 
Solanales,  191. 
Sorediaoflieheiis,  146. 
Sort  of  the  fern,  139. 
Spadix.  a  part  of  infloreseenee,  106. 
Spagnun  (Gr.  tpao  to  sock  up),  leaf  of  the  moss 

so  called,  6. 
Sparganinm  ramoeum  (Gr.  tpmymum  a  fillet, 

and  ramoium  branching),  cells  from  the  leaf 

of  the,  11. 
Spathe,  the,  of  infloroseenoe,  109. 
Species  of  plants,  characteristics  of  the,  ISl. 
Spider  orchis,  psendo  bulbs  of  the,  73. 
Spike,  inflorescence  of  the,  105, 106. 
Spiral  fibres  of  plants,  17 ;  of  the  scale  moss, 

144,145. 
Spiral  vessels  of  plants  illustrated,  25 ;  nses  of 

the,  26. 
Spires  of  plants,  68. 
Spoxge,  representation  of  the,  4. 
Spoiigtolaoftheit>ot(Lat.  "  a Uttte sponge"),  91. 
Sporangium  of  mosses  (Gr.  qwrot  seed),  144. 
Spores  of  Oonfttm  (Gr.  «|MrM),  motion  of  the, 

4;  of  the  tern,  189, 140, 141 ;  of  mosses,  144; 

of  sea-weeds,  147. 
Spruce  beer  of  Norway,  obtaihed  from  v^etable 

tissue,  23. 
Squill,  erysfals  in  the  bulb  of  the,  41. 
Stamen  (Lat.  *<a  filament**),  an  «*wamtial  part 

of  infloresosnee,   116—122;    various  Greek 

terms  applied  to  the,  116, 117. 
Stamens  eon^oted  into  petals,  114;  diflteent 

forms  «f  the,  118;  dasaes  of  Linnmusarranged 

according  to  the,  118 ;  the  distinguishing  cha- 

ractoistics  <tf  the  dassea  of  plants,  176  et  seq. 
Star-anise,  ceils  fhm  the  seed  of  (he,  IS. 
Starch,  eidstenoe  of  in  vegetable  and  animal 

production,  5;  vegetable  seeretiDBS  of;  31  et 

se<i. ;  grains  of,  in  diflhreat  plants,  35  et  seq. 
Starch  granules,  theory  of,  36, 39. 
Star.«haped  or  stellate  cells,  11. 
Stem  of  a  tree,  seetion  of  the,  6. 
Stem  of  a  plant,  its  various  parts,  58;  itsgeneral 
,73. 

,  59,  60;  of  wooded  plants,  and 

their  varieties,  70,  73  et  seq. ;  exogenous,  75 ; 

and  endogenous,  86  (which  see) ;  tlw  toola, 
leaves,  iet^  90, 92  et  seq.    See  Trees. 
Stigma  of  the  pistil,  123. 
Sifaigtag  tain  «f  plants,  67. 
atlpeU  of  leaves,  103. 
Stipes  of  the  «an,  140. 
Sti««les  «f  plutB  <U!t.  sl^piiiB  a  alnnr),  IQS. 


Stomatk  ot  plants  (Gr.  stoma  a  stomach),  61  et 

seq.;  number  foundon  leaves,  68;  their  nature 

and  formation,  64. 
Strawberry,  primordial  utricle  of  the,  9 ;  cells 

of  the,  10. 
Strawberry  leaf,  spiral  vessels  of  the,  25,  26 ; 

leaf  divided  into  three  leaflets,  99. 
StrobUtts,  the  pine  apple,  133. 
Style  of  the  pistil,  123, 124;  of  flowers,  180. 
Sab-classes  of  Iindley,>-DiclinoU8,  Hypogynous, 

Perigynous,  and  EpigynousExogens,  188—192. 
Sucker  <tf  plants,  72. 
Sugar,  produced  from  vegetable  tissue,  28,  51 ; 

its  cultivation  and  general  use,  52 ;  obtained 

from  the  beet -root,  sugar -maple,  and  the 

sugar-cane,  53. 
Sugar-cane,  cells  of  the,  8 ;  representation  of  the, 

52;  horizontal  section  of  the,  90. 
Sumach  (Pers.  sumai  rue),  tannic    acid   ob- 

tuned  from,  50. 
Sutures  of  the  stamen,  119 ;  of  the  pistil,  127. 
SweeUburr  reed,  oells  from  the  leaf  of  the,  11. 
Syncarpi  (Gr.  tjf»  together,  and  karpos  fruit). 

Class  in.  of  fruits,  132. 
Syngenesia  (Gr.  syn,  and  finomun  to  grow),  sta- 
mens of  the^  117;    Class  XIX.  of  Linnmus, 

152, 167. 
Synocarpus  ovary  (Gr.  «yii,  and  karpos  frvdt)^ 

126. 

T 
Tallow,  a  v^etahle  secretion,  46. 
Tannic  acid,  obtained  from  various  sources,  50. 
Tanmn,  a  v^etaUe  aecretiaa,  50. 
Tapioca  plant,  vegetable  aeo^tian  of  the,  32. 
Tar,  a  v^etable  secretion,  49. 
Taxus  baocata  (LaL  taxtu  the  yew,  and  baccaia 

producing  berries),  20. 
Teasel,  hairs  of  the,  65. 
Tendrils  of  leaves,  102. 
Tereine  of  the  ovule,  134. 
Tecxa  Japonica  (LaU  **  earth  of  Japan),  tannic 

acid  obtained  from,  50. 
Tetradynamia  (Gr.  tessarct  four-^old,  and  djfna- 

mut  power).  Glass  XIY.  of  Unneus,  152,  164. 
Tetradynamous  stamens,  118. 
Tetragyaia  (Gr.  te$$ares,  and  ffyne  a  female), 

the  order,  153  et  passim. 
Tetrandria  (Gr.   teaws,   and  amdra  males), 
IV.  of  liinnens,  152, 155 ;  the  order,  153 


Tfextile  matwials,  thdr  le^eetive  characters 

iUnstrated,  23. 
Thalamus  of  the  flower  (Lat.  «  a  bed  **),  105. 
ThaUogeus  (Gr.  thaUot  an  organ  of  vegetation), 

undfMMMn  to  prodnoe),  Oass  I.  of  lindley, 

185. 
Ttoobramaeacao  (Gr.  tt«M  divine,  and  iiroaMi 

food;  Portug.  MMooe  m0Bkey«4lMe),  46. 
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Thiek-wallcd  oelln,  12, 13. 

Thymus  (Gr.  **  thyme"),  oil  of  the,  47. 

Tilia  (Lat.  '*the  lime  tree*'),  27,  42. 

Tissues  of  plants,  5  et  seq. ;  cellular,  8 ;  variety 
of,  18  etseq.;  vascalar,  25^27  ;  unity  of  de- 
■igrn  in  the,  28. 

Torula  cereTisitB  (Lat.  tortu  a  bed,  and  cerevUia 
ale),  cells  of  the,  8, 10. 

Tons  les  mols  (Fr.  "  every  month"),  starch  cell 
of  the,  35,  36. 

Traeheaa  of  inseets  (Gr.  frnehea  the  windpipe), 
similar  to  the  spiral  vessels  of  plants,  27. 

Tmohenohym  (Gr.  traehm^  and  enehyma  injec. 
tion),  the  vascular  tissues,  25. 

Tradescantia  virffinica  (in  honour  of  John  Trade- 
aeanti  gardener  to  Charles  I. ;  and  Lat.  "  vir- 
gin.Uke**),  hairs  of  the,  67. 

Trees,  -woody  fibre  the  oause  of  their  stability, 
21;  their  component  parts,  74;  various  repre- 
sentations of,  74;  sections  presenting  the 
different  parts,  75 ;  sections  shoving  their 
annual  growth,  81,  85 ;  immense  siie  of,  82  ; 
their  great  longevity,  83 ;  cellular  structure  of, 
84,  85;  various  sections  of,  ib.  -See  Stems. 

Triandria  (Gr.  freis  three,  and  andres  males), 
Class  ni.  of  Linnnus,  152, 154;  order  of,  158 
et  passim. 

Trigynia  (Gr.  trets,  and  gyne  a  female),  order  of, 
153  et  passim. 

Triticum  (Lat.  "wheat"),  56. 

Tuber  of  plants,  71. 

Turmeric,  a  vegetable  dye,  54. 

Turnip,  vegetable  secretion  of  the,  32. 

Tnrnip-seed  oil,  a  vegetable  secretion,  45. 

Turpentine,  a  resinous  secretion,  whence  ob- 
tained, 48. 

V 

Ulmns  (Lat.  "  the  elm  tree  "),  pores  and  fibres 
of  the,  17. 

Umbel  (I^t.  umi«//aa  fan)  of  inflorescence,  107, 
108. 

Umbellales,  192. 

Umbilicaria  pustulata  (Lat.  umbUicus  the  nave, 
aadpusiiUaia  blistered),  a  vegetable  dye,  54. 

Unguis  of  the  peUl  (Lat.  "  a  claw  "),  114. 

Urceolus  of  inflorescence  (Lat.  '*  a  little  water- 
pitcher  "),  109. 

Urn  mosses,  143, 175. 

Urtaca,  the  stinging  nettle,  182. 

Urtioalcs,  188. 

V 

YoUisneria  spiralis  (from  Antonio  Vdlemcrit  and 
Lat.  spiralis  spiral),  circulation  in  the,  15. 

Talonia  (an  acorn),  tannic  acid  secreted  from,  50. 

Vascular  structure  of  endogenous  stems,  88 ;  its 
uses,  89. 

Vascular  tissues,  25—27. 


Vateria  Indica  (in  honour  of  Abraham  Voter* 

and  Lat.  "  Indian"),  Pliny  tallow,  4G. 
Vegetable  buttersj  tallow,  and  wax,  46, 
Vegetable  dyes,  54. 
Vegetable  secretions,  81—55. 
Venation  of  leaves,  93,  94. 
Venus'  fly-trap,  sensitiveness  of  the,  4. 
Vine,  section  of  its  stem,  7 ;  twining  stem  of  the,  72. 
Violet,  placentn  of  the,  128. 
Violales,  189. 

Viscum  album  (Lat.  **  the  misletoe  berry  "),  9. 
Volatile  oils,  vegetable  secretions,  47. 

W 

Walnut,  spiral  vessels  of  the,  26;  chambered  pith 

in  the,  76. 
Water-beetle,  trachea  of  the,  27. 
Water-lily,  stamens  and  petals  of  the,  114.    . 
Water-plant,  milk  vessels  of  the,  29. 
Wattle-tree,  tannic  acid  obtained  from  the,  50. 
Wax,  vegetable  secretions  of,  46. 
Wheat,  starch  cells  of,  35,  39 ;  silicious  cuticle 

from  its  husk,  56. 
White,  one  of  the  principal  colours  in  vegetables, 

53. 
Whorl  of  leaves  surrounding  the  stem,  100. 
Whorls,  their  inflorescence,  112. 
Wigandia  urens  (in  memory  of  John  Wigand,  a 

Bishop  of  Lithuania;  and  Lat.  "burning"), 

poisonous  hair  of  the,  67. 
Willow,  duoto  of  the,  27  ;  catkins  of  the,  105, 106. 
Wood,  the  various  parts  formed  in  exogenous 

stems,  79 ;  its  modes  of  growth,  80,  81,  85. 
Wooded  stems,  their  varieties,  71,  73  et  seq. ; 

divided  into  two  great  classes— exogenous,  75 ; 

and  endogenous,  86— which  see. 
Woody  fibre,  or  tissue,  18 ;  two  kinds  of,  19 ; 

plain  and  glandular,  19  ;  various  illustrations 

of,  19  €t  seq. ;  the  chief  organ  of  circulation, 

20 ;  gives  stability  to  the  tree,  21 ;  uses  of  the, 

20,  21 ;  its  size,  24;  of  endogens,  88. 
Wool,  fibre  of,  illustrated,  23. 


Xyridales  (Gr.  xi/ros  acute,  like  rushes),  187. 

Y 

Yeast  plant,  cells  of  the,  8,  10. 

Tellow,  one  of  the  principal  colours  in  vege- 
tables, 53. 

Yellow  gum,  whence  produced,  49. 

Yew,  spiral  fibres  of  the,  20. 

Yucca  dulce  (the  name  in  St.  Domingo,  and  Lat. 
dulce  sweet),  the  tapioca  plant,  32. 

Y.  gloriosa,  stomata  of  the,  62. 


Zea  Mays  (Gr.  zao  to  nourish,  and  Ind.  maize)* 
Indian  com,  45 ;  stomata  of  the,  62. 
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AcalephsD  (Gr.  akalephe  a  nettle),  class  of  the, 

251,  252. 
Aeantboeepliala  (Gr.  akantheti  vpiae,faid'kephnle 

a  head),  an  order  of  parasitic  'worms,  276. 
Acanthocinus  speeulifer  (Gr.  nkanthe  a  spine, 
and  -Lat.  **  mirror-bearing  *'),  a  species  of  cole- 
opterous insects,  402. 
Acarina  (Gr.  akari  a  mite),   an  orfler  of  the 
Arachnida,  817 ;  their  organization,  ib. ;  divided 
Into  ni]meroti8f8milies->-t!he  lingnatnlidst,  the 
Simoneidffi,  the  Macrobiotidcp,  the  Aearidcc, 
the  Iziodidfe,  the  Hjrdraehnidce,  the  Oriba- 
tides,    the  Bdellids,   and  the   TrombiditdaD 
(vrUch  see),  318--826. 
Aoaridffi,  a  family  of  the  Arachnida,  S19. 
Aoams  domesticns,  representation  of  tiie,  819. 
Acineta^-forms  of  the  Vorticella   (Gr.  akinete 

fixed),  222. 
JEoIididse  (i^romiSicr?/^),  afumtyoffastenipodous 

Mollnsca,  441. 
^^lis,  the  genus,  442. 
Acherontia  Atropos  (Gr.  "  Adieron,"  and  •*  one 

of  the  Fates**),  the  Dcath^s-head  molAi,  385. 
Achetinn  (Lut.  achecUe,  grasshoppers),  afamilyof 

orthopterons  insects,  896. 
Aeheta  domestic^  (Lat.  "  tlxe  hearth  cricket**),  a 

species  of  orthopterous  insects,  356. 
A.  campestris  (Lat.  "the  fiefld  cricket"),  357. 
AcroceridiB  (Gr.  akros,  and  keraea  horn),  a  family 

of  dipterous  insects,  876. 
Actiniffl  (Gr.   aktia   a  ray  of  the  sun),  their 
habits  and  natural  history,  241,212;  Ecction 
of  one,  242. 
Actinia  crassicomis  (Gr.  A.,  and  Lat.  "  thick- 

horned"),  voracity  of  the,  247. 
A.  noesexnbryanthemum  (Gr.  A.,  and  mescmbrtf" 
anthemum  the  nnme  of  a  flower),  represcnta- 
tion  of  the,  241. 
A.  parasitica  (Gr.  A^  and  Lat.  "parasitic"), 

habits  of  the,  247. 

Actlniadoe  (Gr.  "  sea  anemones"),  a  family  of  the 

Polypes,  246,  247  ;  Ellis's  account  of  the,  ib.; 

their  extreme  tenacity  of  life,  247,  548. 

Aculeata  (Lat.  aculeua  acting  or  prickle),  a  group 

'  of  hymeoopterom  insects,  888 ;   dhMed  ktto 

four  tribo^the  BeteroKyna,  the  Foworia»  the 


Oipk^era,  and  the  Aatiu^ldla  {whkk  am), 
893— S97. 
AdelarthroMmata  (Or.  ndeiot  hidden,  artirm 
articulation,  and  wma  liuB  body),  an  order  of 
the  AiMflaiida,  817;  tiMir  organintioB,  820; 
divided  into  three  fiusiliM^tlie  Fhalaaguio?, 
the  CheUferidie,  aaid  tbe  fiolpogidiB,  32L 
jBquoridsD  (Lot.  tequor  liie  flea),  the  Damily,  £57. 
Agtoasa  pingninalis  (<Gr.  ''wantisga  tongue," 
and  La^   **  pinguid"),   a  jpedes  of  iepicLoi>- 
i       teroQs  kiBeots,  SSL 
Air-buga,  851. 
Air.4abe  of  inseeta,  889. 
Alcyonidfls  (Or.  ^b^tmium),   the  &mily,  S88; 

their  different  popular  tuunea,  28«,  289. 
Alcyonium  (Gr.  hali  the  tea,  and  Auo-to  katdi), 

representation  of  the,  238. 
A.  pooulum  (Neptane's  oq)),  a  syeoiea  of  AV 

oyonium,  239. 
Alternation  of  geoerations,  theory  of  tbe,  2^, 

455. 
Alucita  hexadactyla  (Lat.  aim  wings,  and  Gr. 
«  six-fingered"),  a  species  of  iepidopteroaB 
insects,  880. 
AiBfttabola  (Gr.  **  wasting  transformation*'),  a 
sub-class  of  insects,  843 ;  their  stroctore  and 
habits,  ib. ;  divided  into  orders— the  Anoplura, 
the  Mallophags,  and  the  Thysanura,  342—344. 
Ammophiia  sabnlosa  (Gr.  and  Lat.  ''sand-lov. 
ing"),  a  species  of  hymenopterous  insects,  394. 
AmmonitidflB  (from  Atnmonf  the  ram*s-homed 
god  of  the  Egyptians),  a  family  of  the  oepha. 
lopodouB  Mollusca,  451. 
Ammonites,  a  genus  of  cephalopodous  Mollusca, 

451. 
A.  nodosus  {A.  and  noiomts  knoVby),  ihe  species, 

450. 
AmoDba  (Gr.  atnoihos  changing),  a  genus  of  Hie 

Khizopoda,  209. 
Amoeba    diffluens     (Gr.    atnaAoe,    -and    Lat. 
diffi^tens  flowing  every  way),  a  -spectea  of  the 
class  Rhizopoda,  204,  S05. 
Amorphous  (Gr.  a  and  morphe  vrvti^nz  form), 

198. 
Amphidesma  (Gr.  nmphi  about,  and  detmoa  a 

ligament),  valves^  the,  426. 
Amphipoda  (Gr.  amphit  and  jN>j0«feet),an  order 
of  Crustaceans,  804 ;  their  <atrnotnre,  ib. ;  in- 
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•   dlmdAt  t«M>  liNMflies^lte  HypeiMGB  «ttA  Che 

(^tmmaridiB,  ib. 
A.npiAiria  (Lstw  amptdi*  a  Tue),  x^TesentoSon 

of  the,  438. 
AndreniftfiB, «  fhnllf  of  h7meBop;«ron8  iBBtets, 

Anguillulidss  (Lat.  anguisti.  snake],  eels  of  paste, 

&c.,  277. 
liiiiliteenns  the  mnA-lovw,  representafioti  of  the, 

996. 
Animateules  of  the  Forifara,  their  voraefty,  212. 
ANIMALS)  on  the  study  of,  198,  454;  the  nni- 
^uwwtfity  of  their  «xi6teBce,  194 ;  their  primary 
diyisions,  196,  208  et  seq. ;  their  general  cfaa- 
rafitertstios,  £08. 
DiTZSiON  I. — The  PaoToeoA,  203  ;  consisting 
of  three  Classes— the  Ehizopoda,  204;  the 
Porifera,  208 ;  and  the  Infusoria,  214. 
iDzTisioK  IL— The  Radiata,  226;   compre- 
hending five  Classes  (and  their  Tarious 
Ordenr)— the  Polypi,  228  ;  the  Diseuphora, 
249 ;  the  Ctenophora,  258 ;  the  Siphono- 
phora,  260 ;  and  the  Echinodermata,  261. 
DiTisioir  III.~-The  Articvlata,  cantaining 
numerous     Sub-divisions,     Classes,    and 
4>rder8, 270 ;  Classes  I.  to  IV.  Worms,  271— 
290 ;  V.  Crabs,  &c.,  290—314 ;  VI.  Spiders, 
315—327  ;  VII.  Myriapoda,  327—330 ;  VIII. 
Insects,  330  et  scq.    Sub-class  I.  Ameta- 
bola,  343.     Sub-class  II.  Hemimetabola, 
845,    Subidass  m.  Metabola,  370. 
Division  IV.->The  Mollitsoa,  classed  under 
two  great  Sub-divisions— the  3f olluf>coida, 
417;  and  the  Molluscs  Proper,  423;  the 
first  diyided  into  two  Classes— the  Bryozoa, 
and  the  Tunicata,  417, 419  ;  and  the  second 
divided  into    five   Classes— the  Lamelli- 
branohiata,    424;    the    Palliobranchiata, 
433  ;  the  Pteropoda,  434 ;  the  Gasteropoda, 
436 ;  and  the  Cephalopoda,  448. 
DivxsxoN  Y.— The  VBftTSBRATA,    201,  202. 
(See  next  Volume.) 
'      Annelida  ("  the  red-blooded  worms"),  270,  277 ; 
their   organization,  278;   divided   into   four 
orders— the  Suctoria,  the  Scolecina,  the  Tubi- 
cola,  and  the  Errantia,  278,  279. 
Anobium  striatum,  the  Death-watch,  406. 
Anomia,  a  genus  of  oysters,  428. 
AncBUira  (Gj:.  anomos  irregular,  and  ouraa  tail}; 
:         a  sub-order  of  decapod  Crustaceans,  310 ;  their 
!        organization,  ib. ;  vai-ious  families  of  the,  310, 
I        811. 

I     Anoplura  (Gr.  anoplos  tmarmed,  and  oura  a  tail  ] , 
an  order  of  Insecta,  343 ;  their  structure  and 
habits,  ib. ;  different  species,  ib. 
AntenncB  of  various  insects,  332. 
Anthea  ocreus  (Gr.  anthos  a  flower,)  its  vora. 
city,  347. 


Anthophila  (Gr.  antkoa,  and  pMleo  to  lo«^,  « 

tribe  of  hymenopterous  insects  (the  Bees),  895 — 
897. 

Anthophora  (Gr.  anthos,  and  j^Aero  to  bear),  head 
of  the,  833. 

Anthracidoe  (Gr.  anthrax  eoal),  a  family  of  dip- 
terous insects),  376. 

Ant-lion,  pitfall  of  the,  367. 

Ants,  natural  history  of,  398,  394. 

White,  their  natural  history  and  habits, 

862—364. 

Apfaaniptera  (Gr.  nphatMS  obscure,  and  ptera 
wings),  an  order  of  the  Insects  (Fleas),  870. 

Aphides  (Gr.  aphis  a  plant-louse),  a  tribe  of 
the  sub-order  Homoptera,  347  ;  their  anatomy 
and  distinctive  habits,  847,  348 ;  honey  dew  of 
the,  846 ;  their  singular  mode  of  propagation, 
ib. 

Aphis  humuli  (Gr.  A.  and  Lat.  humulw  the 
hop),  848. 

Aphis  rosse  (Gr.  A»  and  Z<at.  roM  a  rose),  repre- 
sentation of  the,  347. 

AphroditidsB  (Gr.  Aphrodite  a  name  of  Venus), 
family  of  the,  284. 

Aphrodita  hispido  (Gr.  A.  and  Lat.  "  bristly'), 
Tepresentution  of  the,  284. 

Aphrophora  spumaria  (Gr.  aphros  fbam,  and 
j9ft«f  10  to  bear  ;  Lat.  "foaming"),  represcnta- 
tioaofthe,  349. 

A.  bifasciata  (Gr.  A.  and  Lat.  "  two-bandod ") 
a  species  of  frog-hoppera,  349. 

ApidsB  (Lat.  apis  a  bee),  the  family  of  true  bces^ 
390. 

Aplysiada3  (Gr.  aplf/aia,  a  marine  animal),  a 
family  of  gasteropodous  M<dlusoa,  441. 

ApodidoD  (Gr.  opodes  wanting  feet),  the  family, 
300. 

Apus  Montagui,  representation  of  the,  300. 

Arachnida  (Qr.  araehne  a  spider),  a  class  df 
Arthropoda,  315 ;  their  organisation,  315, 316; 
divided  into  two  sub-classes— the  Trachearia, 
817 ;  and  the  Pulmonaria,  321. 

Araneidae,  a  family  of  the  Arachnida,  325. 

Aranea  domestica,  tiio  common  house  spider, 
324,  325,  326. 

Area  auricutota  (Lat.  ^rca  a  chest,  and  aurietUata 
eared),  a  species  of  lamellibranchiate  Mol- 
luscs, 429. 

Arcacca  (Lat.  area),  a  tribe  of  the  Molluscs,  429. 

ArcellidsB  (Lat.  area),  the  family,  206, 

Arcnicolids}  (Lat.  arena  sand,  and  coh  to  in- 
habit), the  common  lob- worms,  284. 

Arenicola  piscatorum  {A.  and  Lat.  "  of  fisher- 
men"),  representation  of  the,  284. 

Argonaut  (from  the  Gr.  ArffonatUs),  shell  of 
the,  207. 

Argonautidm,  a  family  of  oephalopodous  MoU 
lusca,  454. 
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Aigimaatft  Argo,  a  species  of  the  Argonautidee, 
4M. 

ArgalidflB  (dim,  Gr.  argos  quick),  the  family, 
299. 

Argulos  foliaceus  {A.  and  Lat.  "leafy"),  the 
species,  299. 

Argynnis  Paphia,  a  species  of  lepidopterons  in- 
sects, 387. 

Argyroneta  aquatica  (Gr.  arguros  silver,  and 
aqttaUca  belonging  to  the  water),  a  species  of 
Arachnida,  326. 

Armadillo  piutulatus  (Lat.  artnattu  armed,  and 
Lat.  "  postuled'*),  representation  of  the,  306. 

Artemia  salina  {Artemis,  one  of  the  names  of 
Diana,  and  Lat.  "saline"),  the  species  in  dif- 
ferent stages  of  growth,  301. 

Artbropoda  (Gr.  arthros  a  joint,  and  poies  feet), 
a  sub-diyision  of  the  Articnlata,  238;  their 
general  characteristics,  ib. ;  divided  into  four 
classes— the  Crustacea,  290;  the  Arachnida, 
315;  the  Myriopoda,  327;  and  the  Insecta, 
330. 

AnTicvLATA  (Lat.  ariieulu*  a  Joint),  the  third 
great  division  of  the  Animal  Kingdom,  198, 
270;  composed  of  segments  or  ring?,  199; 
their  nervous  system,  ib. ;  their  senses,  199, 
200;  their  sanguiferous  system,  200;  the 
sexes,  ib. ;  their  great  diversity,  270 ;  divided 
into  Sub-divisions,  Classes,  Subclasses,  and 
Orders.  Classes  I.  to  lY.  Vermes,  271.290 ; 
Class  V.  Crustacea,  290-314  ;  Class  YI.  Arach- 
nida, 315-327 ;  Class  VIL  Myriapoda,  827-330; 
CUss  Till.  Insecta,  330  et  seq. 

Ascaris  (LaU  the  "  round-worm")  277. 

Ascidiffi  (Gr.  aaJddion  a  small  leathern  bottle), 
an  order  of  Molluscoids,  421 ;  divided  into  four 
families— the  BotrylUdae,  the  Clavellinidse,  the 
AscidiidSB,  and  the  FyrosomatidoB,  421,  422. 

Ascidiidce,  a  family  of  Molluscoids,  421. 

AsellidsB,  the  family,  306. 

Asiphonata  (Gr.  "  without  a  tube"),  an  order  of 
bivalve  MoUusca,  427 ;  comprehends  the  oys- 
ter, the  mussel,  &c.,  428-430;  divided  into 
different  tribes— the  Aviculaoea,  the  Arcacea, 
the  Mytilacea,  and  the  Unionacea,  429,  430. 

Aspergillum  vaginiferum,  the  watering-pot 
shell,  432,  433. 

AstacidoB  (Lat.  astacus  a  lobster),  a  family  of  the 
order  Decapoda,  219,  309. 

Astacus  fluviidis,  the  cray-fish,  309. 

AstoridiB  (Gr.  "star-fish"),  order  of  the,  207. 

Asteroida  (Gr.  aster  a  star,  and  eidos  resem- 
blance), an  order  of  the  Polypi,  236;  their 
organization,  237.  Divided  into  four  families 
— ^the  Tubiporid89,  the  AlcyonidiB,  tbe  Gor- 
gonida),  and  the  Pennatulidic,  238-240. 

Astomata  (Gr.  a  and  stoma  wanting  a  mouth), 
a  class  of  the  Infusoria,  218. 


Aacrsids  (Gr.  Astrtga),  a  fiunily  of  the  Poly- 
pes, 246. 

Astrea  viridis  (Gr.  A,  and  viridis  green),  a 
genus  of  Polypes,  246. 

Athalia  centifolise,  the  black  caterpillar,  389. 

Atlanta  Keraudreni,  a  species  of  gasteropodons 
MoUusca,  440. 

Atolls,  formation  of,  243. 

Atropos  pulsatoriuB  (Or.  Atrcpos,  one  of  the 
Fates,  and  Lat.  pulso  to  tick),  a  species  of  neu- 
ropterous  insects  (the  death-watch),  364. 

Atta  cephalotes,  the  visiting  ant,  394. 

AuriculidflB  (Lat.  auricula  the  ear),  a  family  of 
the  gasteropodons  Mollusoa,  447. 

Aviculacea  (Lat.  aviada  a  little  bird),  a  tribe  of 
the  MoUusca,  429. 

B 

Bacteria  fragilis  (Gr.  haktron  a  cane,  and  Lat. 

"fragile"),  357. 
Balanidffi  (Gr.   "sea-acorns"),  famUy  of  the, 

297. 
Balaninns  nucum,  the  nnt-weevil,  402,  403. 
Balanus  (Gr.  halanos  an  acorn),  sheila  of  the, 

297. 
Bamaele,  representations  of  the,  296,  297. 
Barrier  reefs,  formation  of,  243. 
Bat-lioe,  &72. 
BdeUidflB  (Gr.  hdello  to  suck),  a  family  of  the 

Acarina,  320. 
Bee,  eyes  of  the,  381 ;  its  month,  333 ;  its  sting, 

888  ;  larve  and  pupa  of  the,  ib. 
Bee-parasites,  398. 
Bees,  the  family  of,  395;  their  natural  history 

and  social  eoonomr,  896,  397. 
Beetle,  Stag,  representation  of  the,  390. 
Beetles,  eyes  of,  832 ;  wings  of,  337  ;  digestive 

apparatus  of,  338 ;    their  organization,  890  ; 

the  various  tribes  into  which  they  are  divided, 

400  et  seq.— (See  Coleoptera). 
Belemnitidee  (Gr.  hOemnon  a  dart),  a  family  of 

cephalopodous  MoUusca,  453 ;  fossUs  of  the,  ib. 
Belemnite,  the  genus,  458. 
BeU-animaloules,  family  of  the,  220. 
Beroe  punctata,  representation  of  the,  259. 
BeroidsB,  the  famUy,  259. 
BiceUuli  (Lat.  "double-ceUed"),  a  family  of 

hemipterous  insects,  852. 
BUateral  symmetry  {his  and  laius,  two^^ded), 

198.  I 

Binomial  system  of  Zoology,  195. 
Biphora  (Gr.  his  twice,  and  phero  to  bear),  an     t 

order  of  Molluscoids,  422 ;  their  structure  and 

habits,  422,  423. 
Bird-lice,  344. 
Bird-spiders,  325. 
Birgus  ktro  (Lat.  "the  thief-crab"),  a  genus  of 

decapod  Crustacea,  311 
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Btralve  If  olliisk,  unatomy  of  a,  425. 

BiTAlTes,  structure  of,  414,  426,  427 ;  boring, 
432. 

Blackbeetle,  its  haUts,  359,  360. 

Blaps  mortisaga  (Or.  blapto  to  injure,  and  Lat. 
"death-warning"),  the  Churchyard  beetle, 
405. 

Blattina  (Lat.  hlatta  a  cockroach),  a  tribe  of 
orfhopterous  insect?,  359;  natural  history  of 
the,  860. 

Bhitta  orientalis  (Lat.  B.  and  "  oriental "),  359. 

B.  Americana,  859. 

B.  gigantica,  360. 

Blister-fly,  the,  404. 

Bocydium  globulare,  and  B.  cruciatum,  repre- 
sentations of  the,  349. 

Bombi,  the  Humble  bees,  396. 

Bombus  lapidarius  (Lat.  botnbtu  a  buzz),  repre- 
sentation of  the,  896. 

Bombycina  (Gr.  bombyx  the  silk-worm),  a  tribe 
of  lepidopterous  insects,  383;  its  great  com- 
mercial importance,  ib. 

Bombyliidie  (Gr.  bombylias,  a  buzzing  fly),  a 
family  of  dipterous  insects,  376. 

Bombyx  mori,  the  silk-worm  moth,  383. 

B.  Cynthia,  the  Arrindy  silk- worm  of  India,  383. 

BopyridflB,  a  family  of  Crustacea,  305. 

Boring  bivalves,  432. 

Borlasia  (Borlase,  an  English  natu}*alist),  a  sep- 
oies  of  "  flat-worm,"  275. 

Bot-flies,  373. 

Bothriocephalus  latus  (Gr.  hothrion  a  little  pit, 
and  kephHle  the  head ;  Lat.  latiu  broad),  a 
species  of  Cestoid  worm,  274. 

Botryllidffi  (Gr.  botrys  a  bunch  of  grapes),  a 
family  of  Molluscoids,  421. 

Botryllus,  a  genus  of  Molluscoids,  421. 

Brachelytra  (Gr.  braehys  short,  and  elytron  a 
case),  a  tribe  of  coleopterous  insects,  409. 

Brachycera  (Gr.  bretehys^  and  keras  a  horn),  a 
sub-order  of  dipterous  insects,  373 ;  compre- 
bends  a  great  variety  of  families  and  sub- 
families, the  (EstridsB,  the  Muscidce,  the 
Conopidffi,  the  Brachystoma,  the  Notacantha, 
the  Tanystoma,  the  Bombyliidae,  the  Anthra- 
cidee,  thcAcroceridco,  the  Empidis,  the  Hybo- 
tidffi,  the  AsilidtB,  the  MydasidoE»,  and  the 
TabanidoJ,  373-376. 

Brachystoma  (Gr.  braehys,  and  stoma  a  mouth), 
a  family  of  dipterous  insects,  375 ;  sub-divided 
into  four  subordinate  groups— the  Dolicho- 
pldsB,  the  Syrphidcc,  the  TherevidiB,  and  the 
Leptidse,  375. 

Brachyura  (Gr.  braehys^  and  oura  a  tail),  a  sub- 
order of  the  decapod  Crustaceans,  312 ;  divided 
into  four  families— the  Oxystomata,  the  Oxy- 
rhyncha,  the  Canceridte,  and  the  Catometopa, 
812—314. 


Branchiate  worms  (Lat.  hranehuB  gills),  279. 

Branchifera  (Lat.  branehioB^  and  fero  to  bear),  an 
order  of  the  Gasteropodous  Mollnsca,  441 ; 
consisting  of  two  sub-orders — ^the  Opistho- 
branchiata,  441 ;  and  the  Prosobranchiata, 
442. 

Branchipodidfls  (Lat.  branchiec,  and  Gr.  podcs 
feet),  family  of  the,  301. 

Branchipus  stagnalis  (B.  and  Lat.  «//r^aZt9  be- 
longing to  a  pool),  representation  of  the,  301. 

Bnichtts  pisi  (Gr.  bruehao  to  gn^nd  with  the 
teeth,  and  Lat.  pisum  a  pea),  a  species  of 
rh]rnchophorous  insects,  403. 

Bryozoa  (Gr.  bryon  moss,  and  zoon  an  animal),  a 
class  of  Molluscoids  417;  their  structure  and 
habits,  417,  418 ;  divided  into  two  orders- the 
Inflmdibulata,  and  the  Lophopoda,  418, 419. 

Bugs,  351. 

BullidiD  (Lat.  "bubble-shells"),  afiimny  of  Gas- 
teropodous MoUusca,  441. 

Burying  beetle,  representation  of  the,  408. 

Butterflies,  a  sub-order  of  lepidopterous  insects, 
380  et  seq. ;  the  different  species  of,  386,  887. 

Butterfly,  eyes  of  the,  332 ;  head  and  trunk  of 
the,  378. 

swallow-tailed,  transformations  of  the. 


340. 


■  the  tortoise-shell,  380. 


ByrrhidsD,  a  family  of  coleopterous  insects,  408. 
Byssus  (Lat.  "fine flax")  of  the  MoUusca,  412, 
413;  of  the  Mussel,  430. 


Cabbage  butterflies,  886. 

Ctecigenia  (Lat.  eeeetts  blind,  and  genUus  pro- 
duced), a  family  of  Hemipterous  insects,  352. 

Calamaries,  452. 

Calandra  granaria,  the  corn-weevil,  402. 

Calepteryx  virgo  (Gr.  kalos  beautiful,  and  pteryx 
a  wing,  Lat.  "  virgin"),  a  species  of  dragon-fly, 
367. 

Calianirid»,  the  family,  259. 

Callichroma  moschata  (Gr.  kalos  beautiful,  and 
chroma  colour),  repreaentation  of  the,  336 ;  a 
species  of  coleopterous  insects,  402. 

CallidetB,  a  genus  of  Hemipterous  insects,  352. 

Calling  crabs,  314. 

Calymene  Blumenbachii,  a  genus  of  fossil  Tribe- 
Utes,  301. 

CalyptrffiidtB  (Gr.  kalyptra  a  head-covering),  a 
family  of  the  gasteropodous  MoUusca,  443. 

Cancer  Pagurus,  representation  of  the,  313. 

Canceridas  (Lat.  cancer  a  crab),  a  famUy  of  the 
decapod  Crustacea,  313. 

CaprelUdoQ  (Lat.  eaprella  a  tendrilled  branch), 
a  family  of  Crustaceans,  304. 

Caprella  Phasma,  representation  of  the,  303. 
\  Carabus  (Lat.  "  a  lobster"),  parts  of  the  mouth 
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Argoiuratft  Argo,  a  vpedes  of  the  Argonautidn, 
4M. 

ArgalidflB  (dim,  Gr.  argoa  quick],  the  family, 

299. 
Argnlos  foliacens  {A.  and  Lat.  "leafy"),  the 

species,  299. 
Argynnis  Paphia,  a  species  of  lepidopteroas  in- 
sects, 387. 
Argyroneta  aqoatica  (Gr.  arguroa  silver,  and 
aqttaUea  helonging  to  the  water),  a  species  of 
Arachnida,  326. 
Armadillo  pnstnlatus  (Lat.  armattu  armed,  and 
Lat.  *'  pnstuled"),  representation  of  the,  306. 
Artemia  salina  {Artemi*,  one  of  the  names  of 
Diana,  and  Lat.  **  saline"),  the  species  in  dif- 
ferent stages  of  growth,  301. 
Arthropoda  (Gr.  arthro*  a  joint,  and  jioies  feet) 
a  snb-division  of  the  Articnlata,  238;  th^  ■'• 
general  characteristics,  ib. ;  divided  into  ' 
classes— the  Crustacea,  290;   the  Arac*     /.  ' 
315;  the  Myriopoda,  327;  and  the 
330. 
AaTicvLATA  (Lat.  artieulua  a  joint' 
great  division  of  the  Animal  F 
270;   composed  of  segments  of 

their  nervons  system,  ib. ;  ' 
200;    their  sanguiferoos  >  insects, 

sexes,  ib. ;  their  great  d* 
into  Sub-divisions,  CI-  ^ilo»  beautiful). 

Orders.    Classes  L  '  >ects,  383. 

Class  V.  Crustacea  -t  rnetapon  the  face),  a 

nida,  315-327 ;  C'       ,J  Crustacea,  314. 
Class  Vin.InF     ^^^tor  iGt.  kekidos  high-Icap- 
Aacaris  (LaU  t'     ^aflyj  I^t.   "destroyer"),  a 
AscidisB  (Gr.    ^  <croas  insects,  377. 
an  order  ^  //^d  X-at.  "  of  wheat"),  377. 
familie'  ^.; . '^jcst  element  of  organiclife,  190, 
Ascic*   .  'J^pongc,  211. 
Ascid'    -f^^iffl^t.  centum  a  hundred,   and  pedes 
Ase*     ^^^  orjT^mization,  198. 
A        'rjeo^y^  '^^'^*  (^'*'  ^P^^'^   *^^°  head,   and 
/»^»fly  J  ^*''  °^^  ^^  *^®  sheep),  u  species  of 
jj^ottft  insects,  373. 
^^alopod,  embryo  of  a,  449. 
^halopoda  (Gr.  kephale  ahead,  anipodes  feet), 
^e  highest  class  of  Mollusca,  207,  448 ;  their 
structure  and  anatomy,  ib. ;  all  unisexual  ani- 
mals, 449 ;  divided  into  two  orders— the  Tetra- 
branchiata,  449 ;  and  the  Dibranchiata,  451. 
Cephalopotlous  Mollusca,  207, 
dephalophora  (Gr.  "  head-bearers  "),  a  class  of 

HoUu9ca,431. 
Cephalothorax  of  Che  Arachnida  (Gr.  kephale  tke 

hcfid,  and  thorax  the  breast),  315. 
Cereopides,  a  family  of  homopterous  insects,  349. 
Ceritbitdae,  a  family  of  gasteropodous  Mollusca, 

44S. 
Cerithiaa  granulosam,  the  species,  445. 


(Gr.  AMtneoy 

pes,  246. 
Astraea  viridis  (Gr. 

genus  of  Polypes,  24f  sf 
Athalia  centifoliae,  t^'  i 
Atlanta  Keraudre^      - 

MoUusca,  440.  '     /       ' 
Atolls,  format*^/ 
Atropos  poJ   /' 

Fates,  a* 

roptsT' 
Attac 
Anr*   . 


js"),2»« 

i]lkelBaas),a 
^392. 
<ica,4S0,431. 


•T.- 


the,32L 
claw,  vid/ero  to  bear), 
nida,  321. 
.  eJieiloM  a  1^1,  and  oioaUs 
is  a  hood),  repgesentatinn  of 


cheilosa.]ip,«nd0tuUko$Aixw),    ; 

,  the  class  Myriapoda,  329;  their 

ju,  ib. ;  divided  into  four  families — 

J  xenidse,  the  Polydesmidse,  the  lohdc, 

^ne  Glomeridse,  329,  330. 

.opoda  (Gr.  eheiloSf  andpodes  feet),  an  order 

of  the  class  Myriapoda,  328  ;  their  organiaa- 

tion  and  habits,  ib. ;  divided  into  three  £uni- 

lies— the  Cermatiidae,  the  Scolopendrids,  and 

the  Geophilidse,  ib. 

Chironomus  plumosus  (Gr.  ehironomeo  to  dance; 
Lat-  "feathery"),  a  species  of  dipterous  in- 
sects, with  its  larvae  and  pupae,  377. 

Chiroteuthis'Bonellii,  a  species  of  oephalopodoos 
Mollusca,  452. 

ChitonidaB  (Gr.  chiton  a  coat  of  mail),  a  family  of 
the  gasteropodous  Mollusca,  443. 

Chitons,  a  group  of  Mollusca,  415,  443. 

Chondrograda  (Gr.  chondros  cartilage,  and  Lat 
gradm  a  step),  orders  of  the,  260. 

Chrysalides  (Gr.  cAry<o«  gold),  a  family  of  lepi- 
dopterous  ^sects,  386. 

Chrysis  ignita  (Gr.  chrj/sos,  and  Lat.  "on  the 
ruby.tail,  392. 

Chrysomela  populi  (Gr.  ehrysos  ;  Lat.  *' of  pop- 
lars"), a  species  of  coleopterous  insects,  401. 

Churchyard  beetle,  the,  405. 

CicadsB  (Lat.  cicada)^  family  of  the,  350 ;  the 
cicada  of  the  ancients,  356,  357. 

Clcadaiia  (Lat.  cicad^t)^  a  tribe  of  the  sub-order 
Homoptera,  349;  divided  into  four  principal 
groups — ^thc  Cicadcllina,  the  Membracina,  tho 
Fulgorina,  and  the  Stridulantia,  349,  350. 

Cicadellina,  a  family  of  homopterous  insects,  349. 

Cicindelidce  (Lat.  ctcimieZa  aglow-worm),  a  tribe 
of  coleopterous  insects,  410. 

Cicindela  Campestris  (Lat.  C.  and  campiu  the 
field),  representation  of  the,  410. 

Cidaridas  (Lat.  cidaris  a  turban),  "sca-c^gs," 
the  family,  268. 

Circulation  of  insects,  339. 

Cirrhobranchiata    (Lat.    etn*M    a    cure,    and 
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traackko  gina),  a,  gpvnpof  Che  gaateiepodoos 
Molhuca,  412 ;  twnmrtiBg  of  oop  faoulj-^the 
Dentaliidf^  442. 
CirceidsB  (6r.  Circe),  family  of  the,  250. 
Cirrliopoda  (Lat.  eimu,  and  Gr.  podt9  feat),  an 
order  of  the  Crostacea,  295,  296 ;  organization 
of  the,  296;    divided  into  two  families— the 
LepadidoD,  and  the  Balonids,  297. 
ClaBi.eheU6,  4S1. 
Chuaea*  oqnatttated  of  orders,  trl^  famUiM, 

genera,  and  species,  196. 
Claas^atioB  of  animals,  qrstem  of,  194  et  seq. 
CUyelUnidfB    (Lat.    cUwuhit  a  MtUe  knob),  a 

family  of  MoUoscoida,  42L. 
Claw-shells,  445. 
deodora  pyramidata  (Gr.   Cleodora  a  nymph, 

and  Lat.  "pyramid-shaped),  a  species  of  the 

pteropodoQB  Mollusca,  435. 
ClepsinidflB,  a  family  of  the  AwmJu^h^  279,  2A0. 
Clio  auBtralia,    a  species   of  the  pteropodoufi 

JioUnsca,  435. 
Cliona,  a  genus  of  sponges,  21B. 
Clothes-moths,  381. 
Clypoastridie  (Lat.  clypeus  a«hield,  and  Gr.  aster 

a  star),  family  of  the,  268. 
Coccina  (Gr.  kokkos  cochineai),  a  tribe  of  the 

sah^order  Homoptera,  346 ;  habits  of  the,  ib. ; 

finest  red  dyes  derired  from  the,  347;  tlidr  o«n. 

xneroial  importance,  ib. ;  different  speeies,  ih. 
Coceinella,  the  lady  .bird,  400,  40L 
Coccus  aoeris  (Lat.  C.  and  acer  a  maple-tree),  a 

species  of  Coccina,  346. 
C  caoti  (Lat.  C.  and  eacfiu  the  oactos  plant),  a 

species  of  Cocoiaa,  347. 
C  laoca  (Lat.  C  and  Indian  lae  a  dye),  on  Indian 

species  of  Coccina,  347 ;  its  oonunercial  im- 
portance, ib. 
Cochineal  insect,  representation  of  the,  846;  cvl- 

tivation  of  the,  347  (See  Coccina). 
Cockchafer,  the,  40G, 
Cockles,  431. 
Cockroaches,  head  of,  332 ;  organs  of,  337;  their 

habits,  359,  860. 
Cocks-comb  oyster,  428. 
Cocktails,  409*. 
CoBnorus  cerebralis  (Gr.  koinoe  common,  and 

oura  a  tail ;  Lat.  cerebralis  bdonging  to  the 

brain),  a  cystic  worm,  274. 
Coleoptera  {Gr. koleot  a  sheath,  nxidpteru  wings), 

an  order  of  the  losccta  (Beetles),  399;  their 

structure,  ib. ;  divided  into  four  seetions— the 

Trimera,  400 ;  the  Tetramera,  401 ;   Hetero- 

mera,  404;  and  the  Pentamera,  405  etseq. 
Comatulidoe  (Gr.  koma  the  bair),  "hair  «tai»," 

family  of  the,  265. 
Comaftila,  representations  of  the,  266. 
Comb  of  the  hive-bee,  S97. 
Cones,  446. 


Conidis  (Gr.  kmo$  a  oom),  a  family  of  tha  gM- 

tenpodofts  IColhuea,  446. 
Goaopids  {Or.  Jumo$  and  opt  the  &K!e),  a  family 

of  dipterous  insects,  374,  375. 
Conops,  representation  of  the,  937# 
Conus  Hebraieus,  represeatation  of  the,  411. 
Copepoda  (Gr.  kap»  an  oar,  and  podet  feet),  an 

ordw  of  the  Crustacea,  299. 
Corallium  rubrum  (Lat.  "  red  coral  *'),  a  species 

of  Polype,  239 ;  interesting  character  of  the«  ib. 
Corals,  natural  hiatory  of,  242  et  seq. ;  fionnatioii 

of  coral  reefs,  243. 
Cordylophora  hioustris  (Gr.  kordyle  a  club,  and 

phero  to  bear;  Lat.  Uumatris  of  the  Lake),  a 

species  of  Polypes,  236. 
Coreodea  (Gr.  koris  a  bug),  a  fomilj  of  Heaiip- 

terous  insects,  352. 
Coi-n-moth,  the,  881. 
Com-weevil,  the,  403. 
C^rymorpha  nutans  (Gr.  korua  a  helmet,  and 

morphe  change ;  Lat.  nutans  nodding),  a  species 

of  Polypes,  23G. 
CorynidiB  (Gr.  horyne  a  club),  sub-CaaUy  of  the, 

236. 
Coryphium  longricorne  (Gr.  korus  a  helmet,  and 

Lat.  *'  long4xorned"),  rc^esentation  of  the, 

304. 
Cosens  ligniperda  (Lat.  "  a  wDod«picrcing  in. 

sect*'),  the  jDat.jnoth,  384. 
Cowries,  447, 
Crab,  its  oi^anization,  IdS ;  nervous  system  of 

the,  293  ;  anatomy  of  the,  294,  295 ;  metamor- 

phosis  of  the,  295. 
Crabs,  their  natural  history,  310  et  aeq.;  the 

many  varieties  of,  312—314. 
CrangonidsB  (Gr.  krangon  *a  fish  of  the  shrimp 

kind),  a  family  of  the  order  Deeapoda,  309. 
CraniidiB  (Ga\  ki'tunan  the  akuU),  a  family  of 

Mollusca,  434. 
Crania   personata     (Lat.    O.    and   persona  a 

ma^k),  a  species  of  MuUusca,  434. 
Cray-fish,  representation  of  the,  202,  309. 
Ciickets,   structure  of,  S3G,  350;  the  different 

species  of,  356,  357. 
Criaoidea  {Gr.  krinon  a  lily,  and  cidos  resent- 

blance),    "  sca    lilies,"    order   of   the,  265; 

divided  into  three  families— the  Crjstocrinids, 

the  Encrinidae,  and  the  Comatulido},  265,  266. 
Crustacea  (Lat.  cru^a  a  erust,  or  hard  covering), 

a  class  of  Arthropoda,  290 ;  their  organization, 

290,  291 ;  senses  of  the,  293 ;  anatomy  of  the, 

294 ;  metamorphosifl  of,  295 ;  divided  into  five 

principal  groups  or  sub-classes— the  Cirrho- 

poda,  296;  like  Entomostraca,  297;  the  Xy- 

phosura,  301 ;  the  Edriophthalmata,  303 ;  and 

the  Podophthalmata,  306. 
CtenizsD  (Gr.  "  trap-door  spiders"),  nest  of  the, 

327. 
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Ctenophora  (Gr.  etenion  a  comb,  and  phero  to 

bear),  a  class   of   tbe  Radiata,  228;  divided 

into  two  families— the  Beroidee,  and  the  Cal- 

lianiridce,  259. 
Caclcoo  bees,  396. 

Cuckoo-flies,  parasitic  insects,  S91. 
Cuckoo-spit,  a  secretion  of  the  firog-bopper,  S49. 
Culex  pipicns  (Lat.  ailex  a  gnat,  and  pipio  to 

pip  like  a  chicken),  a  species  of  dipterous  in- 
sects, 377. 
Cnlicidss  (Lat.  culex) ^  u  family  of  dipterous  in- 

sects,  878. 
Curculio   iraperialif,    the   Diamond  beetle    of 

Brazil,  403. 
Cursorial  Isopoda(Lat.  eurso  to  run  to  and  fro), 

306;   include  two  families — ^the    Idotheidoe, 

and  the  AsellidsB,  ib. 
Cursorial  Opthoptera,    354;   divided  into   five 

tribes— the  Phasmina,  the  Phylliidee,  the  Man- 

tina,  the  Blattina,  and  the  Forficulina,  357 — 

360. 
Cuttle-fishes,  449,  452 ;  organs  of  circulation  and 

respiration  in  the,  413. 
Cyamida)  (Gr.  kyamos  a  bean),  a  family  of  Crus- 
tacea, 303. 
Cyamus  balsDuarum    (Gr.   kyamos^    and    Lat. 

balcerue  -whales),  representation  of  the,  303. 
Cyaneea  capiUata  (Gr.  kyanos  blue,  and  eapillata 

hairy),  its  stinging  qualities,  251. 
CyathophyllidsD  (Gr.  cyathos  a  cupj  and  pAy'Zon 

a  leaf),  the  "  cup  corals,"  a  family  of  the 

Polypes,  245. 
Cyclobranchiata  (Gr.  kukloa  a  circle,  and  Lat. 

branchicegiVLB),  a  group  of  gasteropodous  Mol. 

lusca,  443;  divided  into   two   fomilies— the 

PatellidsB,  and  the  Chitonidee,  ib. 
Cyclometopa  (Gr.  kyklos  a  circle,  and  tnefopon 

the  face),  a  family  of  the  Decapod  Crustacea, 

313. 
CyclopidsB  (Gr.  Cyclops),  the  family,  300. 
Cyclops,  a  genus  of  the  Crustacea,  299,  300. 
Cyclostomidso    (Gr.  kyklos,     and    stoma    the 

mouth),  a  family  of  gasteropodous  Mollusca, 

447. 
Cydippe,  representation  of  the,  228 ;  a  genus  of 

the  Ctenophora,  259. 
Cymothoidas  (Gr.  Cymotha  a  sea  nymph),  the 

family,  305. 
Cynips  quercus  foUi,  390,  391. 
C.  gallcB  tinctoria,  391. 
C.  terminales,  and  C,  insana,  391. 
Cynthia  cardui,  the  painted  lady-butterfly,  387, 
CypraeidsB  (Gr.   Cypria  a  name  of  Venus),   a 

family  of  the  gasteropodous  Mollusca,  447. 
Cyprsea  tigrris,  &:c.,  the  species,  446. 
CypridtB,  the  family,  300. 
Cypris-vidua,  the  genus,  300, 
Cystic  worms,  273. 


Cysticereus  celluloets  (Or.  Jty«<i9  a  bladder,  and 
X^^Jbwa  tail),  representation  of  the,  273. 

Cystocrinidao  (Gr.  kystos,  and  krinon  a  lily),  a 
fossil  family,  265. 

Cytherea  spinosa,  a  species  of  Mollusca,  432. 


Daddy-long-legs,  877. 

Danais  plexippa,  a  species  of  bntteiflies,  886. 

DaphniadsD  (from  Daphne),  the  family,  300. 

Death-watch,  the,  864,  406. 

Decapoda  (Gr.  deka  ten,  and  podes  feet),  an 
order  of  Crustacea,  307 ;  contains  three  eub* 
orders— the  Macrura,  309 ;  the  Anomura,  310 ; 
and  the  Brachyura,  312. 

Dccapodidee,  u  family  of  cephalopodous  Mol- 
lusca, 452. 

Decticus  verrucivorus  (Lat.  "  the  wart-eater"), 
a  species  of  orthopterous  insects,  356. 

Deilephila  Elpinor  (Gr.  deUe  the  evening,  and 
phileo  to  love),  the  elephant  hawk-moth,  385. 

Dentaliidae  (Lat.  denies  teeth),  a  family  of  the 
gasteropodous  Mollusca,  442. 

Dentalium  entalis,  the  Elephant's  tusk,  442,  443. 

Dcrmaptera  (Gr.  derma  the  skin,  and  ptera 
wings),  the  order,  361. 

DermestldsB  (Gr.  derma,  and  esthio  to  eat),  a 
family  of  coleopterous  insects,  408. 

Dermestes  lardarius  (Gr.  B.,  and  Lat.  lardum 
the  fat  of  bacon),  a  species  of  the  Dermestidte, 
408. 

Diamond  beetle  of  Brazil,  403. 

Dlbranchiata  (Gr.  dis  two,  and  Lat.  branchke 
gills),  an  order  of  cephalopodous  Mollusca, 
451 ;  divided  into  various  families— the  Deca- 
podxdffi,  452 ;  the  Spirulidro,  the  SepHde,  the 
Loligidae,  452 ;  the  BelemnitidaB,  the  Octopo-» 
didffi,  453 ;  and  the  Argonautidts,  454. 

DichelestidaB  (Gr.  dis,  and  eJieilos  a  lip),  family 
of  the,  299. 

Dictyoptera  (Gr.  dictyon  a  net,  imdptera  wings), 
a  sub-order  of  neuropterous  insects,  362; 
divided  into  various  families— the  Termitido), 
the  PsocidsB,  the  Perlidse,  the  Ephemeridoe, 
and  the  Libellulidss,  362-366. 

Difflugia  globulosa  (Lat.  diffluo  to  spread  about, 
and  globulosa  globular),  the  genus,  206. 

Digestive  eanal  of  insects,  338. 

Dimerosomata  (Gr.  dimera  divided  into  two 
parts,  and  somata  bodies),  an  order  of  the 
Arachnida,  323;  their  organization,  323;  di- 
Tided  into  three  families— the  Araneidse,  325 ; 
the  LycosideD,  and  the  Mygalid»,  826. 

DinobryidcB,  family  of  the,  219. 

Diopsis,  a  species  of  dipterous  insects,  374. 

DiphyidsB  (Gr.  dis  double,  and  phye  form), 
family  of  the,  261. 

Dipbyes,  the  genus,  261. 
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Diploptera  (Gr.  dipha  donhled,  w^idptera  vings), 

a  tribe  of  hymenopterous  insects  (the  vasps), 

385. 
Diplozoon  paradoxam  (Or.  diplon  doable,  and 

zoom  animal),  a  parasitio  vorm,  274. 
Piptera  (Or.  di»  two,   and  ptera  wings),  an 

order  of  the  Insecta,  37  i;  natural  history  of 

the,  870  et  seq.  ^  antennee  of  the,  372  ;  divided 

into  three  suborders— the  Pupipara,  372 ;  the 

Brachycera,  373;  and  the  Nemocera,  376. 
Dipterous  insect,  suctorial  mouth  and  proboscis 

of  a,  334. 
Disoophora  (Gr.  diakoa  a  disc,  and  phero  to 

bear),  a  class  of  the  Radiata,  227,  249;   its 

naturalhistoryandhabits,  250  et  seq. ;  divided 

into  two  orders— the  Gymnoplithalmata,  and 

the  Steganophthalmata,  255. 
Distomata  (Or.  dU  double,  and  afoma to  mouths), 

parasitic  worms,  274. 
Diving  Spiders,  326. 
Divisions,  Primary,  of  the  Animal  Kingdom, 

197,  203 ;   I.  the  Protozoa,  203 ;  II.  the  Ra. 

diata,  226;  III.  the  ArticuUta,  270;  lY.  the 

Mollusca,  410 ;  V.  the  Vertebrata,  201. 
DolichopidsD  (Gr.  doJtcAof  long,  and  poiles  feet), 

a  sub-fiunily  of  dipterous  insects,  375. 
DoridsB  (from  JDotm),  a  family  of  the  gasteropo- 

dous  Mollusca,  442. 
Doris,  the  genus,  442. 
Dorthesia,  a  genus  of  Cooctna,  347. 
Dragon-flies,  eyes  of,  331 ;  their  natural  history 

and  habits,  366. 
Dreissonapolymorpha,  a  species  of  mussels,  430. 
DromiidflB  (Gr.  dromaios  nimble),  a  family  of 

decapod  Crustaceans,  311. 
Drummer,  the,  360. 
Dung-beetles,  407. 
Dynastes  Hercules  (Gr.  dynasies  a  prince)  a 

beetle  of  Brazil,  407. 
Dyticus  marginalis,  a  species  of  coleopterous 

insects,  409, 410. 

E 

Earth-worms,  282. 

Earwigs,  organs  of,  337 ;  their  natural  history 

and  habits,  361. 
Echinodermata  (Or.  eehiftos  a  spine,  and  derma 

skin),  a  class  of  the  Radiata,  228,  261,  270 ; 

their  organization  and  habits,  260  et  seq.; 

divided  into  four  orders— the  Grinoidea,  the 

Stellerida,  the  Eohinida,  and  the  Holothurida, 


Echinida  (Or.  eehinoa),  an  order  of  the  Echino- 
dermata, 267  ;  organization  of  the,  267,  268 ; 
divided  into  four  distinct  families  — the 
Cidarids,  the  Clypeastridee,  the  Cassidulid», 
and  the  SpatangidsB,  268,  269. 

Echinus  (Lat.  "  sea-urchin"),  sheUof  the,  268. 


Edriophthalmata  (Gr.  edraios  fixed,  and  opA- 

thalmoi  the  eye),  a  sub-class  of  the  Crustacea, 

303 ;  divided  into  three  orders— the  Lajmodl- 

poda,    the    Amphipoda,    and    the  Isopoda, 

303-305. 
Elateridee  (Gr.  elater  an  impeller),  the  family, 

406. 
Elephant  hawk-moth,  S85. 
Elephant's  tooth,  442. 

Elytra  of  the  beetle  (Gr.  elytron  the  wing  cover- 
ing), 337. 
EnallostegidiB  (Gr.  enaUos  changeable,  and  st^ge 

covering),  family  of  the,  207. 
Enchelina,  sub-family  of  the,  224. 
Encrinus  (Gr.  en  in,  and  krinon  a  lily),  fossil 

form  of  the,  265. 
EncrinidsB,  the  family,  265. 
Entoroophaga  (Or.  entomos  an  insect,  vnAphago 

to  eat),  parasitio  insects,. 391. 
EntomostegidsB  (Gr.  entonios  divided,  and  stege 

covering),  family  of  the,  207. 
Entomostraca  (Gr.  entomoa  an  insect,  and  ostra^ 

kon  a  shell),  a  sub-class  of  the  Crustacea,  295, 

297 ;   divided  into  five  orders— the  Paraaita, 

297 ;  the  Copepoda,  299 ;   the  Ostracoda,  300 ; 

and  the  Phyllopoda,  ib. 
Entozoa  (Gr.  entoa  within,  and  zoon  an  animal), 

on  the  study  of  the,  271. 
Ephemera  vulgata    (Or.    "ephemeral"),    the 

May-fly,  342 ;  representation  of  the,  365. 
Ephemerides  (Gr.  ephemera),  a  family  of  neurop- 

terous  insects,  365. 
Epeira  diadema  (Gr.  epeiryo  to  draw  towards, 

and  Lat.  "diadem"),  the  garden  spider,  324, 

325,  326. 
Errantla  (Lat.  errana  wandering),  the  highest 

order  of  the   branchiferous   Annelida,  284; 

divided  into  Ave  classes— the  ArenicolidflB,  or 

lob-worms,  the  Aphroditidee,  the  Nereidas,  the 

EunicidsB,  and  the  Polyophthalmidae,  284-286. 
Eudendrium  ramosum  (Or.  eu  well,  and  den- 

<«ro»  a  tree;  Lat.  "branching*'),  the  species, 

205. 
Euglena  viridis,  219. 
Euglypha,  genus  of  the,  206. 
EunicidJD  (Gr.  JBunice),  a  family  of  the  Annelida, 

285. 
Eunice  gigantea  (Gr.  K  and  Lat.  "  gigantic") 

a  species  of  the  Annelida,  285. 
Euplexoptera  (Gr.   eu  and  pleko  to  fold,  and 

ptera  wings),  the  order,  361. 
Euryalidffi  (from  Euryale,  one  of  the  Gorgons), 

the  family,  267. 
Eurybia  Gandichandii  (Gr.  eurybios  extending 

widely),  a  species  of  thepteropodous  Mollusca, 

435,  436. 
EvaniidiB  a  family  of  hymenopterous  insects, 
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Ejen  of  the  be»,  Ml ;  and  <rf  dlfttent  UMedfo; 

ass. 

F 
Pamlliet,  ecmstltnfted  of  difllrrent  g«ner«  imd 

species,  196. 
Picld-crieket,  the,  357, 
Filaria  medincnsis  (Lat  filum  a  thread),  the 

Guinea  worm,  277. 
FissurellidflD  (Lat^Mwrn  a  fissure),  a  family  of 

^steropodons  Mbllasea,  444. 
?lat-worm8,  271.    See  Platyelmia. 
Fleas,  their  structnro  and  natural  hibtory,  870. 
Flesh-flies,  374. 
Flies,  two-winired,  371;  destnictive  kinds  bf, 

377. 
Floscularidac  (Lat.  floscidus  a  little  flower),  the 

family,  28 7. 
FlustrtB  (Sea-mats),  species  of  MolluscoldS,  418. 
Forest-flies,  372,  373.  • 
Forflculina  (Lat. /or/'z  a  pair  of  shears),  a  tribe 

of  orthopterous  insects,  261. 
Forflcula  (the  Earwig),  representation  of  the, 

361. 
Fossils  of  the  Nuramulites,  208. 
Fossoria  (Lat/o^fio  to  dig),  a  tribe  of  hymen dp- 

terous  insects,  394. 
Froghoppers,  349. 
Fulgorina  (Lat.  fulgor  lightning),  a  tribe  of  the 

sub-ordor  Homopteraj,  350. 
Fulgora  candelaria  (Lat.  ^.  and  candeta  a  can- 
dle), the  species,  350. 
F.  laternaria  (Lat.  F.  and   laterhana  lantern 

bearing),  representation  of  the  species,  849. 
Fungi  a),  a  group  of  corals,  242,  243 ;  develop- 
ment of,  243. 
Fungidao  {Lvit.  fundus  a  ihuShfoom),  a  family  of 

the  Polypes,  246. 

G 

Gad-flies,  376. 

Galeodcs  (Lit.  gaha  a  crest),  repiresentaticrn  of 

the  genus,  321. 
Gallcria,  a  genus  of  lepldopterbua  insects,  S81. 
Gallicola  (Lat.  galla  the  oak  apple,  and  colo  to 

inhabit),  a  tribe  of  hymenoplerous  insects,  390 ; 

the  commercial  gall  of  the,  391. 
Gall-flies,  390,  391. 
Galls  of  the  ouk-leaf,  390. 
Gamasidrp,  a  family  of  the  Acarina,  520. 
GammaridoB    (Gr.   ganimaron    a   lobstdr),  ttie, 

family,  304. 
Gammarus  pulex  (Gr.  ^.  and  Lat.  i)M7<?i*ii  flea) 

representation  of  the,  30^1. 
Ganglia  of  insects,  199.   . 
Garden  spider,  web  of  the,  334,  325. 
Gasteropbilus  equi  (Gr.  gaster  the  belly,  and 

phileo  to  love  :  Lat.  equtts  a  horse),  a  speclVs  of 

dipterous  insects,  373. 
Gasteropoda  (Gr.  gasicr  the  belly,  and  "pUdes 


\  A>«t){ftela8Soft]ieliroIhneit,436;t1wlf  itrsfej 
tore  and  anatomy}  489,  487 }  shells  and  oper- 
cala  of  the,  438,  439 ;  arranged  in  two  sab- 
elastfeB— the  Seteropoda,  and  the  Gasteropoda^ 

439,  440 ;  divided  Into  three  orders  (with  their 
respective  suborders),  the  H«teropod%  4S9  \ 
the  Branehifbra,  441 ;  and  the  PuhnoBife^ 
447. 

Gasteropoda  Propet,  a  sub-efaisa  of  the  Mollnsea, 

440,  consists  of  twe  orders— the  Branehifera, 
441 ;  and  the  Fuimoniferft,  447. 

Gastropacha  quercifolia  (Gr.  gaster  the  beUy, 
paehy9%\i\xi\ ;  and  Lat.  **  dak4caTM'*),  the  oak- 
lappet  moth,  884. 

Gecarcinns  (Gr.  470  landi  and  kareinm  a  crab), 
habits  of  the,  314. 

Gelasslmi  (Gr.  <*  land-crabs"),  habits  of  the,  314. 

Gemmation,  reprodaction  by,  £85 ;  ^ener^  n« 
marks  on,  455. 

Geneno,  arrangement  of  into  species,  an  impor- 
tant step  in  aoologieal  dassificatton,  185. 

Generations,  alternation  of^  348,  455. 

Geocories  (Gr.  ge  land,  and  hoHa  a  bog),  a  tribe 
of  Hemipterons  insects^  351. 

Geodephaga  (Gr.  "ground-beetles"),  a  family  of 
coleopterous  insects,  410. 

Geometrina  (Gr.  ge  and  YMtron  ground  meadnr- 
ing),  a  tribe  of  nocturnal  lepidoptera,  381,  382. 

GeophilidsB  (Gr.  ge  land,  and  phileo  to  love)>  a 
family  of  the  class  Myriapoda,  828,  329. 

Geophilus electrious  (ff.  and  Lat.  "electric"); 

G.  longicomis  {G»  and  Lat.  "long-horned"), 
representations  of  the  [q;>ecie8^  329. 

Geryonidas,  the  family,  256. 

Glaucus  Forsteri,  a  species  of  the  gasteri^^ous 
MoUusca,  442. 

Glomerida)  (Lat.  glomero  to  roll  into  a  ball),  ft 
family  of  the  class  Myriapoda,  830. 

Glomeris  marginata,  representation  of  the,  830. 

Glow-worm,  the,  406. 

Glyceris  (Gr.  glykeroa  sweet),  a  ^nns  of  Annc- 
lides,  284. 

Gnats,  the  family  of,  377. 

Goat-moth,  the,  384. 

Goat-moth,  scales  f^dm  the  wings  of  the,  87». 

Goerius  olens,  a  predaceous  beetle,  409. 

Gordiacea^Gr.  "gordian"),  hair  worms,  276. 

Gorgonidie  (from  the  Oorgoni  of  QnA  Mytho- 
logy), the  family,  289. 

Grantia  compressa,  214. 

Gratehopifer,  hinder  iegft  of  the,  835;  trassfbr- 
mations  of  the,  341. 

GrasAicfppers,  849,  350.  ^ 

Grcgarinee  (Lat.  ^re^anl»  in  flocks),  microscopic 
parasites,  225  ;  their  mode  t>f  reproduction,  SS6. 

GrottM  beetles,  410. 

Gryllina  (Lat.  g^tlua  a  eriekety,  -a  ftnlifiy  of 
'orthoptei'^tas  tnsectii,  899. 
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Orylltftftlpa  (Lat. "  the  ino}«.eri6ket '*),  336. 
Oryllns  tiHdiflsimuii   (tdt.    <<the  great  gfreen 

OrASIbopper"),  troBsfottttdtloM  of  the^  841, 

355k 
Gymnophthftlmnts   (Gr.    gymnos    nhkeO,    and 

opAMa^mdAthe  ey6),  order  of  the,  255  ;  divided 

into  six  families— the  Sarslds^  the  Geryonidro, 

the  CirceidfiB,  the  JBquoridoB,  Oceanidce,  and 

the  WillSidsB,  256,  257. 
Gymnosomata  (Gr.  pyntnos,  and  soma  the  body), 

an  order  of  the  pteropodotts  MoUusca,  435. 
Oyrini,  the  Whirligigs,  409^ 


Haliehondria  ocnlata  (Gr.  hals  the  sea,  and 
chondros  cartilage ;  Lat.  ooulua  an  eye),  a  spe- 
cies of  sponge,  213,  214. 

HallotidSB  (Gr.  haU^  and  otis  the  ear),  a  family 
of  gasteropodous  MoUusca,  413. 

Halter es  of  insects,  837. 

Haltica  nemorum  .(Gr.  haltikos  nimble,  and  Lat. 
**  of  the  woods*'),  the  turnip  fly,  401. 

Halys,  representation  of  the,  352. 

H«immer  oyster,  the,  429. 

Harvest  spiders,  321. 

Hawk-moths,  385. 

Heads  of  insects,  their  structure,  332,  333. 

Hcctocotylus,  a  genus  of  ccphalopodous  Mol- 
lusca,  449. 

Helianthoida  {helios  and  anihos  a  sun-flower, 
and  eidos  resemblance),  an  order  of  the  Po- 
lypi, 241 ;  their  organization,  ib. ;  the  poly- 
pidom  of  the,  242 ;  their  natural  history,  243. 
Divided  into  seven  families— the  Madrepo- 
rido),  the  Cyathophyllidce,  the  Astrroidse,  the 
FungidsB,  the  Zoanthidte,  the  Actiniadae,  and 
the  LucernaridsB  (which  see),  245—249, 

Helicida3  (Gr.  Jielix  a  spiral  line),  a  family  of  the 
gasteropodous  Mollusca,  417. 

HelicostegidsB  (Gr.  helix,  and  s/r^c  a  covering), 
family  of  the,  207. 

Helmet-beetles,  401,  402. 

Helocera  (Gr.  helos  a  knob,  and  Jceras  a  horn),  a 
tribe  of  coleopterous  Insects,  408  ;  inaiudes  two 
group*— the  Histeridae,  and  the  Byrrhidaj, 
408.    • 

Hemerobiido)  (Gr.  hemeros  a  day,  and  hios  exist- 
ence), a  family  of  neuroptcrous  insects,  368. 

Hemimctabola  (Gr.  hctni  half,  and  metabola 
transformation),  a  sub-class  of  insects,  342, 
345 ;  divided  into  various  orders— the  Rhyn- 
chota,  the  Physopoda,  the  Orthoptera,  and  the 
Neutoptera,  842,  345  et  scq. 

Hemiptctdns  insects,  bueeal  apparatus  of  the, 

Hertrfaphfodiie  Insects,  340; 
Hermellidfls,  the  finnily,  281f; 
Bermftefabs,'  310y  SII. 


ttcMian  fly,  the  377. 

Hdteroeera  (Gr.  Hiiefot  -^ridtm,  and  Ufot  a 
horn),  a  sub-order  of  Iepidopteroi»  inieot* 
(Moths),  880 ;  ditided  ihto  various  gr6«p»  «r 
tribes— the  Fterophorlna,  the  TinefnOr  ttl« 
Tortrieina,  the  Pyralidina,  th*  6eotf«tffRa^.< 
the  Noctuina,  the  Bombycina,  tbe  PysfhidcVy 
and  the  Sphingina,  380— 3S5. 

Heterogyna  (Gr.  heterotf  and  ^rt*  a  female)^  a 
tribe  of  hymenopterous  insects  ( Ants)^  899. 

Heteromera  {heteroti  and  tneros  division),  A  ste- 
tion  of  coleopterotiS  insects,  404 ;  divided  irOtf 
two  tribes— the  Trachella,  and  tho  Atrachelia, 
404,  405. 

Hcteropoda  (Gr.  heteros,  BtiApodca  feet),  a  Stib- 
class  and  order  of  gasteropodous  MoUusea) 
439 ;  divided  into  three  families— the  Atlan- 
tidse,  the  Firolidse,  and  the  Sagittidm,  440. 

Heteroptera  (Gr.  heteros,  and  ptei-a  wings),  a 
sub-order  of  the  Insccta  (*'  Bugs"),  346 — 391 
et  seq. ;  form  two  principal  groups— the  Hy - 
drocores,  and  the  Geocores,  8jl. 

IlippidcB,  a  family  of  Crustacea,  311 . 

Hippa,  representation  of  the  genus,  311. 

Hippoboscidee  [H,  and  hoako  to  feed),  a  family  of 
dipterous  insets,  372. 

Hippobosca  equina  {H.  and  Lat.  cqmis  a  horse), 
a  species  of  dipterous  insects,  373. 

Hippopus  maculatus  {H.  and  pous  a  foot ;  Lat. 
**  spotted"),  a  species  of  bivalve  Mollusca,  431. 

HirudinidsB  (Lat.  hirndo  a  horse-leech),  a  family 
of  the  Annelida,  280. 

Histeridee  (Lat.  hister  an  actor),  a  f;\mily  of 
coleopterous  insects,  408. 

Hive-bee,  working,  hind-leg  of  tho,  395 

Hive  bees,  the  society  of,  397 ;  reprcsentafiam 
of  the  queen,  the  drone,  and  the  woikcr>  il^  ? 
comb  of  the,  397. 

Holothuridae  (Gr.  holos  whole,  and  thisra  a^-atc),. 
order  of  the,  269 ;  divided  into  two  fiiiniUcs — 
the  Synaptidaj,  and  the  Holothuridce,  2G9. 

Holothuria,  representation  of  the  genus,  2G9. 

Homolidaj,  a  fimily  of  decapod  Crustaceans,  311. 

Homoptera  (Gr.  /lomos  similar,  and 2)f^ra  wings), 
asub-orderof  Insecta,  345,  SlSetseq. ;  form 
three  groups  or  tribes  -the  Cbccinn,  316  ;  the 
Phytophthiria,  347  ;  and  the  Cicad-irla,  349. 

Honey-dew  of  the  Aphides,  3  IS. 

Hop-fly,  the,  348. 

Horse-fly,  the,  373. 

House-Cricket,  the,  S5G. 

House-fly,  eyes  of  the,  331. 

House-spider,  web  of  the,  324,  3'2S. 

Humble  bees,  3D6— 397, 

Hunting  spiders,  326. 

Hyalea  (Gr.  hyalos  transparent),  a  geittis  of  tUt 
pteropodous  Mollusca,  435,  4SG. 

ri^dra(Gr.  hydar  waiet),  rcprcsentatlofn  of  the. 
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231 ;  tentacles  of  the,  232 ;  its  extraordinary 
powers  of  propagation,  232—233 ;  its  voracity, 
234 ;  different  families  of  the,  236. 

HydrachnidsB  (Gr.  hydor,  and  arachne  a  spider), 
a  fieunily  of  the  Acarina,  S20. 

Hydraclma  globulus  {H.  and  Lat.  "  globe-like*'}, 
representation  of  the  species,  320. 

Hydradephaga  (Gr.  hydor^  and  adelphagos  vora- 
cious), a  tribe  of  coleopterous  insects,  409. 

Hydrocores  (Gr.  hydor^  and  koria  a  bug),  a  tribe 
of  Hemipterous  insects,  351. 

Hydrolda  (Gr.  hydor,  and  Hdos  resemblance),  an 
order  of  the  Polypi,  229 ;  its  habits  and  natural 
history,  229  et  seq. ;  their  curious  circulation, 
231 ;  their  reproductive  powers,  ib. 

Hydrophilus  caraboldes  {H.  andpMTeo  to  love), 
representation  of  the  species,  408. 

Hydrous  piceus  {H.  and  Lat.  piceua  pitchy),  the 
great  water  beetle,  409. 

Hylurgos  plniperda  (Gr.  hylourgoa  a  carpenter, 
and  Lat.  "pine-boring"),  a  species  of  xylo- 
phagous  insects,  403 ;  its  destructive  qualities, 
404. 

Hymenoptera  (Gr.  hymen  a  membrane,  and 
ptera  wings),  an  order  of  the  Insecta  (Bees, 
Wasps,  &c.),  3S7 ;  their  structure  and  habits, 
S87  et  seq. ;  divided  into  two  sub-orders—  the 
Securifera,  889  ;  and  tho  Petiolata,  390. 

HyperidtB,  the  family,  304. 


lanthinidsB  (Gr.  ianthinos  violet-coloured),  a 
family  of  the  gasteropodous  Mollusca,  444. 

IchnenmonidfB  (Gr.  »cA»tfumo;i— Pharaoh's  rat), 
a  family  of  hymenopterous  injects,  393. 

Iclmeumons,  parasitic  insects,  891. 

Idotheidse,  the  family,  306. 

Infundibulata  (Lat.  infundibulum  a  funnel),  an 
order  of  the  Bryozoa,  418. 

Infusoria  (Lat.  infusua  infused),  a  class  of  the 
Protozoa,  214  et  seq. ;  their  organs  of  motiou, 
214 ;  natural  history  of  the,  215 ;  their  means 
of  propagation,  216 ;  their  habits,  217 ;  their 
classification,  21B  ;  ihe  Astomata,  and  the  Sto- 
matoda,  218,  219. 

Inoperculated  Pulmonifera,  consisting  of  five 
families— the  llelicidtB,  the  Limacidse,  the 
OncidiidsD,  the  LimnaiidfB,  and  the  Auriculidae, 
447. 

I.vsECTA,  or  Insects  (Lat.  "  cut  into"),  nervous 
system  of,  199 ;  the  highest  elass  of  articulated 
animals,  330 ;  their  general  organization,  330 
et  seq. ;  anatomy  of  the  external  skeleton  of> 
331 ;  their  eyes,  331 ;  antennae,  332 ;  their  heads 
and  mouths,  832—334;  their  limbs,  335,  336; 
their  wings,  336 ;  digestive  canal  of  insects,«338 ; 
circulati(m  and  respiration  in,  339 ;  metamor- 
phosis of,  340;  classification  of,  842;  divided 


into  three  sub-classes  (with  their  varioos  orders) 
~the  Ametabola,  842,  843 ;  the  Hemimetabola, 
342, 345 ;  and  the  Metabola,  342,  370-(to  which 
the  reader  is  referred). 

Invertebrata,  general  remarks  on  the,  434, 455. 

Isis  hippuris  (from  Isis  the  Egyptian  goddess, 
and  Gr.  "  horae-tailed  "),  a  species  of  Polypes, 
239. 

Isopoda  (Gr.  i«M  equal,  waA.podei  feet),  an  order 
of  Crustacea,  305;  their  organization,  ib. ; 
divided  into  three  sections — the  Cursorial, 
Natatorial,  and  Sedentary,  305,  806  ;  the  air- 
breathing,  327. 

Itch,  acarus  of  the,  319. 

lulidsB,  a  family  of  the  class  Myriapoda,  330. 

lulus,  transformations  of  the  genus,  328 ;  repre- 
sentations of  the,  330. 

IxodidsB  (Gr.  ixo  to  adhere),  a  family  of  the 
Acarina,  320. 

Ixodes  plumbeus  (J.  and  Lat.  '*  leaden  "),  repre- 
sentation of  the  species,  320. 


Lac-dye,  produced  from  the  Coscus  lacca,  347. 

Lady-bird,  the,  400,  401. 

LsBmodipoda  (Gr.  laimos  the  throat,  and  podes 

feet),  an  order  of  the  Crustacea,  303;  their 

organization,  ib. ;  divided  into  two  families — 

Uie  Cyamidee,  and  the  CaprellidsD,  303,  804. 
Lagoon  reefs,  formation  of,  243. 
Lamellibranchiata  (Lat.  {/zm«//a  a  thin  plate,  and 

branchice  gills),  a  class  of  the  Mollusca,  424 ; 

anatomy  and  structure  of  the,  425, 426 ;  divided 

into  two  orders— the  Asiphonata,  427 ;  and  the 

Siphonata,  430. 
Lamellicornia  (Lat.  lamella  a  plate,  and  eomu  a 

horn),  a  tribe  of  coleopterous  insects,  406. 
Lampyris  noctiluca  (Lat.  "  lamp  of  night "),  the 

glow-worm,  406. 
Land-bugs,  351. 
Land-crabs,  314. 
Lanthom-flies,  350. 
Laomedea    geniculata    {LaomedeSf     and    Lat. 

"  knee^"),  representation  of  the,  230. 
Larvce  of  lepidopterous  insects,  379,  380. 
Leaf-cutting  bees,  396. 
Lecanium  Ilicis  (Gr.  lekanion  a  little  hide,  and 

ilex  an  evergreen  oak) ,  a  species  of  Coccina,.347. 
Leeches,  279;  account  of,  280;  their  importance,  ib. 
Legs  of  insects,  335,  336. 
LepadidOB  (Gr.  "  barnacles  "),  family  of,  297. 
Lepidoptera  (Gr.  lepia  a  scale,  toidptera  wings), 

an  order  of  the  Insecta  (butterflies,  moths, 

&c.),  378 ;  larvsD  of  the,  879 ;  divided  into  two 

great  groups,  or  sub-orders — ^the  HeteBOoera, 

380;  and  the  Rhopalocera,  386. 
Lepismidss  (Gr.  lepis  a  scale),  a  family  of  the 

order  Thysanura,  344. 
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U  iMelMWlii»  ex.  uid  Lat.  '<  mtgwf*),  S45. 
LepUdflB  (Gr.  leptos  slender),  »  lalMlunilj  of 

diptemwianetBytTS.. 
Lerndda  (Gr.  the  mita»  of  th»  XtniMM  hydra^ 

tlwiuniUy,  SM. 
LibeUaUda  (Lat.  KbOkilaB.  dragon-fly^  a  funily 

of  ■europCeitiUi  Ineodtay  M8« 
Limaeidn  (Lat.  {tmoi;  a  slog),  «  fusUy  of  gat- 

ttniMdMW  VMlneea,  447. 
lilmaftina  rostralie  (Z.  and  ro«<nim  a  beak),  a 

ipMiea  of  pteropodooa  Mbltoeea,  UK* 
Limbf  of  inseets,  fheir  formation,  S35. 
Umiidia  (Gr.  Umas  a  meaOt),  KpreeentatloB  of 

the,  300. 
limaeidv  (CFr.  9kime  a  nank),  a  fluifty  of  the 

gasteropodons  Hollnsea,  447. 
Limneiie,  egg  of  the,  416. 
Limiioria  terehraiui,  a  epeeies  of  C^frtacea,  809, 
Llnpeta,44S. 
Linralosi  Hie  geniM,  801 ;  representations  and 

organiBaAlon  of  the,  SCO. 
Lingnatnlidn  (Lat.  lingua  a  tongie),  a  family  of 

the  ArafltafiMa,  818. 
Itegsatala  teenloldes  (£.  and  IM,  ieenia  a  tape- 

worn),  repfesentation  of  the  speeies,  SIS. 
Lingola  anatina  (£.  and  anati$%a  dnek-Uke),  a 

species  of  the  Honnsea,  484. 
LlngiiKd»  (Lat.  Nn^Moa  tongoe),  a  family  of  the 

MoUnsca,  484. 
LiotheidBB,  a  family  of  the  order  Mallophaga,  844. 
LKheMns  fereipatns  (Or.  HtJtM  a  stone,  and  Hot 

life),  a  genus  of  the  class  Myriapoda,  829. 
LIttiodond  (Or.  Uthoa,  and  domoa  dwelling),  a 

species  of  mussel,  480. 
Xitoites  Breynii,  a  species  of  Ammonites,  4B1. 
Liasia,  the  genus,  256. 
Lizzia  octopunctata  (Lat.  oeto  eight,  and  jmnc- 

teto  pohited),  25A. 
Lobsters,  291,  809  et  seq. 
Lob-woms,  264. 
Locu9tlna  (Lat.  loew  wim  a  bunt  place),  a 

family  el  orthopterous  inseet8«  SM ;  their  fear- 
ful ravages,  lb. ;  a  common  article  <tf  food,  9i55. 
Locnsta  migratoria  (X.  and  mt^ro  to  wander)^  a 

species  of  ortbc^terous  insects,  850. 
L.  eristata  {L.  and  crittata  crested),  85fi. 
Locusts,  natural  history  of,  335,  354,  856. 
LoUgidie,  a&milyof  eephalopodoaflMoUusea,452. 
Loligo  vulgaris,  the  species,  452. 
Long.stalked  erab,  314. 
Longicomia  (Lat.  "  long-hotned"),  a  tribe  of 

ooleopterona  insects,  402. 
Loopers,  the  caterpilUurs  so  called,  382. 
LophopodA  (Gr.  lophM  a  crest,  and  podet  feet), 

an  order  of  Moliuscoids,  419. 
I^oase,  representatioas  of  the,   343;  different 

species,  ib. 


Lucanus  eervus,  the  stag  beeOs^  406» 
Lneemarhlfl»  (Lat  fcnawfai  a  tamp);,  a  family  of 

Polypes^  M9f  habits  and  naturtl  history  of 

tbe,ib. 
Lueemaria  aoxiimla  {JL  and  mmicuUi  as  ear) ,  re- 
presentation of  the,  249. 
LnmbriddflB  (Lat.  kimbHaM  an  earth  worm), 

282 ;  the  family,  ib. 
LyseanidB,  •  fiuaUy  of  topldcpterauainsects,  887. 
LycosidsB  (Gr.  lyhos),  a  family  of  the  Arachsidee, 

326. 
Lyoosa  tarantula  (X.  and  Lat,  '■a  spidar'*),  a 

genus  of  tha  Ara^midiK,  326. 
LygsBodea  (Gr.  lygo»  a  baad)*  a  Aunlty  of  Hemip- 

tefous  inseefs,  362. 
Lymexyloa  navale  (Or.  lyms  destmotioB,  and 

ayAm  wood),  a  species  of  eoteopteroos  insects, 

463. 
Lytta  v«sieatoeia,  the  blister-fly,  404. 


MaerobiatidsB  (Gr.  maAroslong,  and  HM^life),  a 

fkmHy  of  Hie  Aearina,  819. 
Hacroblotus  Hufttlasidi,  representatioii  of  the 

species,  319. 
irsonira  (Gr.  fMikrw  long,  and  oura  a  tail),  a 

smb-order  of  Grastaeea,   300}   aontaln  four 

families— the  Crangonid®,  the  Aataeidas,  the 

Thalassinides,  and  the  Falinuiides,  809. 
MadreporldGe,  the  "  tree  corals,"  a  family  of  the 

Polypes,  245. 
Magpie  Moth,  the,  882. 
Maia  (Lat.  "the  spider  erab*^,  818;  nervous 

system  of  the,  293. 
MaiadsD  (Lat.  tMia)^  a  fkmily  of  the  decapod 

Crastaeea,  318. 
MalacobdellidsB  (Or.  malakos  soft,  and  hMla  a 

leech),  a  fkmily  of  the  Annelida,  280. 
Malaoodermata  (Gr.  maiakos  soft,  and  derma 

skin),  a  sob-tribe  of  coleopterous  insects,  405. 
Maleagrina  margaritlfera,   the    pearl    oyster> 

428,  429. 
Malleaa  vulgaris,  the  hammer  oyster,  429. 
Mallophaga  (Gr.  ma/fos  wool,  and  phago  to  feed 

on),  an  order  of  the  Insecta,  344;  divided  into 

two  families->tiie  Philopteridse,  and  th(:  Lio- 

theidse,  ib. 
Mantina  (Gr.   mwUis  a  prophet),  a  tribe   of 

orthopterous    insects,    358;    their    singular 

habits,  859. 
Mantis  reUgiosa  (Lat.  "the  praying  insect"), 

886. 
Manldspidee  (Gr.  manf»9),  a  family  of  neuropte- 

rous  insects,  368. 
Mantle  of  moUnseous  animals,  201,  411,  415. 
Mason  bees,  396. 
May-fly,  larva,  pupa,  and  imago  of  the,  842 ; 

natural  history  of  the,  365. 
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Meal-worm,  the,  405. 

Hedusn  (from  the  Methua  at  mythdogy),  fiunily 

of  the,  285;   stinging  powers  of  the,   251; 

called  "sea-nettles,"  ib.;  their  mode  of  pro- 
•  pagation,252;  denrelopment  of,  252-255;  ocelli 

of  the,  255. 
Medusa  avrita  {Jf.  and  mirUa  "eared"),  ten- 
tacles of  the,  250. 
Medusids,  a  liunily  of  the  Stegaaophthalmata, 

250. 
Megalops  (Gr.  megalos  great,  and  opa  eye,  the 

young  crab,  812. 
MegalotrochidsB  (Or.  mepaloSf   and  troeho*  a 

wheel),  the  CunUy  of,  288. 
MeloS,  a  species  of  coleopterous  insects,  404. 
Melolontha  vulgaris,  the  cockchafer,  406. 
Melophagus  ovinus  (Gr.  melot  the  limb,  and  oois 

of  a  sheep),  a  species  of  dipterous  insects,  878. 
Membracina    (Lat  tnembrana  parchment),   a 

tribe  of  the  sub-order  Homoptera,  349,  850. 
Mesbthorax  (Gr.  mesos  middle,  and  "  thorax"), 
•  of  insects,  885. 
Metabola  (Gr.  "transformation"),  a  sub-class  of 

insects,  842,  870 ;  divided  into  various  orders 

and  sub-orders— the  Aphaniptera,   the  Dip- 
<  tera,  the  Lepidoptera,  the  Hymenoptera,  the 

Ooleoptera,  the  Strepsiptera    ftc,  842,  843, 

870etseq. 
Metamorphosis  of  insects,  840^  841. 
Metathorax  (Gr.  iiMto after,  and  "thorax"),  of 

insects,  385. 
Miliola  (Lat.  milium  a  millet-seed),  a  genus  of 

the  Polythalamia,  206,  208. 
Mimic  beeties,  408. 
Mites,  818, 819.    (See  Acarina.) 
Modeeria  formosa,  representation  of  the,  256. 
Mole-cricket,  the,  857. 
M0LLX7SCA  (Lat.  moUia  soft),  the  fourth  grand 

division  of  the  animal  kingdom,   200,  410; 

their  organization  and  natural  history,  201, 

411  et  seq. ;  structure  and  formation  of  their 

shells,  414,415^;  their  reproductive  powers,  416 ; 

arranged  under  two  great  sub-divisions— the 

MoUusooida,  417 ;  and  the  MoUusoa  Proper,  423 

(which  see). 
Molluscoida  (Lat.  M.  and  Gr.  0w2o«retemblanee), 

a  great  sub-division  of  the  Mollusca,   417; 

divided  into  two  classes— the  firyozoa,  and  the 

Tunicata,  ib.    . 
Mollusca  Proper,  a  great  sub-division  of  mol- 

luscous  animals,  428;   distinguished  as  the 

Acephalous  and   Cephalophorous,   423,   424; 

divided  into  five  classes— the  Lam^libranchi- 

ata,  424 ;  the  Palliobranchiata,  433 ;  the  Pte- 

ropoda,  434 ;  the  Gasteropoda,  486 ;  and  the 

Cephalopoda,  448.  « 

Mole-cricket,  structure  of  the,  336. 
MonadidsB  (Gr.  "  a  monad  "),  the  family,  219. 


Monomeroflomata  (Gr.  moMos  one^  merot  *  Joist, 
and  9mna  a  body),  an  order  of  the  Araohaida, 

'  817.    See  Acarina. 

Monosomata  (Or.  mono»f  aad  mmm  a  body),  an 

.  order  of  the  Bhisopoda,  208. 

Moths,  a  sub-order  of  lepidopteroiit  iuMCts, 
880-885. 

Mouths  of  insects,  fhisir  stmotnn^  882—884. 

Multivalve  shells,  415. 

Murex  (Lat.  "a  sheU-flsh"),  representation  of 
the,  416. 

MuriddsD,  a  family  of  gaateiopodiNU  MoUaaea, 
446. 

Muscidas  (Lat.  mmea  a  fly),  *  funily  of  dip- 
terous insects,  373. 

Musea  domeatiea  (Lat.  the  "  domestie  fly  "),  S78 

Mussel,  byssus  of  the,  413. 

Mussels,  great  consumption  of,  480. 

Mygale  (Gr.  "  a  field-mouse  >*),  the  bird-splder* 
255 ;  a  genus  of  the  Crustacea,  289 ;  cepha- 
lothorax  of  the,  815 ;  its  anatomy,  816. 

MygalidiB  (Gr.  mygale),  a  fiunily  of  the  Araeh- 
nida,826.  ^ 

Myriapoda  (Gr.  myrim  a  myriad,  and  podm  feet), 
a  class  of  Arthropoda,  827 ;  their  organization, 
ib. ;  form  two  orders-4he  Ghilopoda,  aad  the 
Ghilognatha,  328,  329. 

Myrmeleontidffi  (Gr.  fnyrmasan  ant,  and  2ooi»  a 
lion),  a  family  of  neuropterous  insects,  367.      . 

Myrmeleo,  the  species,  867. 

MysidflB,  tiie  family,  308. 

Mysis  vulgaris,  representation  of  the  species, 
308. 

Kytilacea  (Gr.  mytUot,  from  my  a  musele),  a 
tribe  of  the  Mollusca,  430. 

MytUus  edulis  (Lat.  "  an  edible  sheU-fish  "),  the 
common  mussel,  413,  430. 


Naidid»  (Gr.  ITaia  a  nymph),  the  fiunily,  282. 

Nassulina,  the  sub-family,  225. 

Natantia  (Lat.  tuOans  swimming),  an  order  of 

the  Rotifera,  288 ;  divided  into  two  families— 

the  Polytrocha,  and  the  Zygotrocha,  ib. 
Natatorial  Isopoda  (Lat.  natatorea  swimmers), 

include  two  families— the  Cymothoida»,  and  the 

SpheBromidsB,  305,  306. 
NatiddsB,  a  family  of  gasteropodous  MoUusca, 

444. 
NautilidsB  (Lat.  nauta  a  sailor),  a  family  of  the 

cephalopodous  Mollusca,  451. 
NautUus  (Lat.  nauta),  the  genus,  207,  449,  450; 

section  of  the,  450. 
Necrophaga  (Gr.  nekroa  the  dead,  9nd  phayo  to 

eat),  a  tribe  of  coleopterous  insects,  408. 
Nematelmia  (Gr.  "round  worms"),  a  class  of 

the  Vermes,  271,  275;   form  three  distinct 
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ortwB    the  Aeanffaooepha]*,  th*  GorcUaoea, 

and  Nematoidea,  275. 
Nematoidea  (Or.  nnta  a  fllameiit,  and  eido§  re- 

aemblanoe  to],  an  order  of  paraaitle  worms, 

376. 
Nematas  groeeolariiB,  a  speoies  of  hTmenopteioiu 

iaMet8,889. 
Nemertid»  (Gr.  **  ribbon-wonna*'},  an  order  of 

•<flat.irornu,"275. 
Nemeatrina  longiroetrie  (Gr.  JT.  and  Lat.  *'  long. 

beaked'*),   a  epedea  of   dipterous  inseets, 

876. 
Nemooera  (Gr.  nemo,  and  kwaa  a  horn),  a  sub- 
order of  dipterous  inseets,  376;  divided  into 

two  families'tbe  Tipulida,  and  the  CnUcid», 

S77,  878. 
Nepina  (Lat.  nepa  a  seorpion),   a  fiunily  of 

Hemipteroos  insects,  351. 
Nepa  einerea  (Jf.  and  omersa  ash-eoloured),  the 

species,  851. 
Nereids  (from  ilTsrvi*  a  aea^Tu^h),  the  family, 

285. 
Nereis,  representation  of  the  species,  285. 
Neritids,  a  family  of  gasteropodous  Mollusca, 

444. 
Nerita  poUta  {If,  and  Lat.  poUta  smoothed),  the 
.  species,  444. 
Nerrous  system  of  the  star-flsh,  197 ;  of  insects, 

199,  839;  of  u  sepia,  200;  of  the  MoUusca, 
'  201 ;  of  the  Sadiata,  227 ;  of  the  crab,  298. 
Neuroptera  (Gr.  neura  nerves,  and  ptera  wings), 

an  order  of  Insecta,  861 ;  their  stroeture,  862 ; 

divided  into  three  sub-orders— the  Diotyop- 
■  tera,  the  Planipennia,  and  the  Trichoptera, 


Noctiluoa  (Lat.  noeUt  of  the  night,  and  hue  light), 

pbosphoreseenoe  of  the,  227. 
Noctoina  (Lat.  noetu  by  night),  a  tribe  of  noo- 

tnmal  lepidoptera,  882. 
Nodoearia  (Lat.   nodua  a  knot),  shell  of  the, 

.207. 
NomadflB,  the  ouckoo  bees,  896. 
Notacantha  (Or.  notoa  the  back,  and  akantha  a 

spfaiie),  a  family  of  dipterous  insects,  875. 
Notonectlda(Gr.  notot,  and  nefctof  swimming),  a 

fiunily  of  Hemipterons  insects,  351. 
Notoneota,  the  genus,  851. 
Nndibranddata  (Lat.  nudiu  naked,  and  branehim 

gills),  a  group  of  gasteropodous  MoUusca,  441 ; 

divided  into  three  Cuniliea— the  iBolididflB,  the 

Tritoniidm,  and  the  Doridss,  441, 442. 
Nummulites  (Lat.  nummiu  money),  sheUs  of  the, 

206. 
Nut-weevil,  the,  402, 408. 
NyoteiibiidsB  {Qr.nykterit  a  bat,  and  Ho*  life),a 

ttadlj  of  dipterous  inseets  (baUUce),  872. 
Nymphonidm,  a  family  of  the  Araohnida,  318.    . 
Nymphon  Grossipes,  the  genus,  817. 


Oak-lappet  moth,  the,  884. 

Oak-leaves,  galls  and  spangles  of  tfae^  880, 891. 

Ooeania  episoopalis  (Or.  oAmmmc  the  ooean,  an4 

Lat.  **  episcopal*')  representation  of  the,  257. 
Ooeania  ootona,  margin  of  the,  280, 250. 
Ooeanids,  the  fiunily,  257. 
OoeUi  (Lat.  "Uttle  eyes*')  of  theDisoophora, 

250,  251. 
Octopodidm  (Or.  oeto  eight,  and  pode$  feet),  a 

family  of  oephalopodoua  MoUusoa,  468. 
Octopus    Hawaiensis,    representation    of   the 

species,  412. 
Oetopus  vulgaris,  a  epedes  of  the  OetopodidsB, 

458. 
OcypodidsD  (Or.  okut  swift,  and  pod^a  feet),  a 

family  of  the  decapod  Crustacea,  814. 
Oestridm  (Lat.  eutnu  the  gad-fiy),  a  family  of 

dipterous  insects,  378. 
Oestrus bovis  (0.  and  Lat.  boa  an  ox),  a  spedea  of 

dipterous  insects,  878. 
Oncidiidie,  a  fiunily  of  the  gasteropodous  Mol- 

Iu8ea,447. 
Oncidium,  the  genus,  447. 
Onisoidn  (Lat.  oniuma  a  wood-louse),  a  fomily  of 

the  Hyriapoda,  806, 827. 
Oniacns,  the  genus,  805,  806. 
Onychoteuthis  (Gr.  on^x  a  claw),  pen  of  the, 

452. 
OpalinidflB  (Lat  opahu  opal),  fkmily  of  the,  219. 
Opercnlated    Pulmonifera,    consistiiig  of    one 

family,  the  Cydostomids,  447. 
Operculum  of  the  Gasteropods,  489. 
Ophiuridm  (Or.  ophia  a  snake,  and  oura  a  tail), 

fitmUyofthe,267. 
Ophrydium  (Gr.  ophrya  an  eyeJaah),  the  genus, 

228. 
Ophrydium  versatile,  representation  of  the,  228. 
Opisthobranchiata    (Or.   cpiathoa  behind,  and 

branehio!  gills),  a  sub-order  of  gasteropodous 

MoUusca,  441 ;  divided  into  two  groups—the 

Tectibranchiata,  and  the  Nudibraaohiata,  441, 

442. 
Opossum  Shrimps,  808. 
Orders,  constituted  of  di€BBrent  tribes,  families, 

genera,  and  spedes,  196. 
Organic  life,  lowest  functions  of;  196. 
Oribatldfld  (Gr.  oreibaUa  mountain^raaging),  a 

famUy  of  the  Acarina,  320. 
Orthoptera  (Gr.  orthoa  straight,  andp^sra  wings), 

an  order  of  Insecta,  858;  form  two  great  sec. 

tions-^the  Saltatorlal  and  the  Cursorial,  854. 
0str8C0da.(Gr.  oatrakon  a  sheU),  an  order  of  the 

Crustacea,  800 ;  divided  into  two  fluniUes— 

the  CypridsB,  and  the  Dapfaniadas,  ib. 
Ostrea  ednUs,  the  common  eatable  oyster,  428.  . 
O.  orista-gaUi,  the  oook'i-eomb  oyster,  428.     . 
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OtoUtio  yesieles  (Gr,  atot  of  the  ear,  and  litho$  a 

atone),  250. 
Oxyuris  (Or.  oxyt  shaip,  and  ouha  (hetail}«  the 

fhx»adirorm,B27. 
OzTThyneha  (Gr«  ocyi^  and  rAy»«AM  a  aaout), 

a  Dfunily  of  the  deeapod  Cnutaeea,  SIS. 
Ox78toma(Gr.  mw^  and  rttmui  the  naooth),  a 

family  of  the  decapod  Cniataeea,  S12. 
OyBlen,4SS. 

P 

Pagnridtt  (LnLjpiifrNn«n<n^),  afiunily  of  Cms. 

taoea,  310. 
Painted  lady  butterfly,  887. 
Falinoiida  (fhim  the  Tn^an  pilot  Faimmm), 

thefamily,  809,  810. 
Palihnrua,  tba  apiny  leteler,  291. 
PalUaline  of  blTalvea,  4S6. 
PoUiotaran^iiBta  (Lat.  paUiMn  n  eloak,  and 

branehite  gilU),  a  elaaa  of  the  BfoUoaea  438 ; 

titeir  atmotnre  andanatOMj,  ilk ;  divided  into 

three  groupe  or  familiea-^he  Oraniid»,  fhe 

TerebiatalidM,  and  the  LingnlidsB^  484. 
Panopsea  australia  (Gr.  one  of  the  "Kereida"), 

a  spedea  of  Holluaca,  482. 
Panorpida,  a  fuBiiy  of  neuioptanmainaeala,  868. 
Panorpa,  the  Soorpion-fly,  368. 
PapilionidiB  {hekt,  papiUo  a  battarfly),  a  ftunily 

of  Iepid<9teroiii  inaeata,  S8A. 
Papilio  Maohaon  (Lat.  *<  a  batterfly"),  tans. 

fonnationofthe,849» 
Pavameoinm,  284. 
Parasita  (Lat.  **  a  parasite"),  an  order  of  the 

Crustocea,  297 ;  divided  into  time  famiUe»— 

flie  Let^aidae^  thePMhelewtidiB,  nnri  the  Aiyn- 

lidae,  299. 
ParaaitiaSnoBeta,  891  ttrnq* 
Patellidie  (Lat.  patella  the  knee-cap},  a  fiunily 

of  tha  gaatarovodon  MoUoMa,  448. 
PaTonnria  (Lat.  jmnw  a  peacock),  a  genna  of 

polype,  241. 
Peacock  hntterty,  repreaaniatton  oftha,  886. 
PeaarIoystan»  4flB»  429« 
Pectena,  the  scallop  shells,  428. 
Pecten  opercularis,  a  speciaa  of  oyater,  426. 
P.  Jacofaema,  tfB. 
Peetinibranchiata,  a  group  of  gaateropodons 

MollQsca,  443;  divided  into  the  luMttlea— 

CalyptnaidBB,  thaHaliottdw,  ib.;  tha  lanthi- 

nidae,  the  Naticidaa,  Cha  Tnrbitaida,  the  Neri. 

tide,  tho  TntriteUidM,  444)  the  Oerithiidn, 

the  BtromMdM,  445;  tha  Mntiddin,  the  Oo. 

nidn,446;  andtheC3!pmidM,44l  (whiehaee). 
Peetauenlna  (Lalt  pedm  a  aonb),  a   hivalvv 

ahaU,  414. 
Pedicolna  tabeaeirttnm,  MS. 
Pedipalpi  (Lat.  jmisa  fisat,  mApufya  to llMl),  an 

order  «f  the  ^raahnida,  822 ;  oonaiatuigof  two 


fanOUea,  tha  fioarptonida  and  tha  Tfadiypte- 

nld»,  ib. 
Palagia  <Lat»  jwfaifitf  the  aea)i  xtpnesantofeion^f 

tha,  228. 
Pelagia  oyanella   (P.  and  Lat.  ejfomu  a  ttkie 

flovar^  tha  apeotoa,  25&. 
Pelagia  noctilnea  (P.  and  noetiiuea  llgfat  of  the 

night),  the  spestoi,  2&L 
Pelagia  panopyra  (P.  and  Or.  jinn^jifi'a  **aU 

flra  '*),  raptaaadtatton  of  the,  JSS. 
Bwnatnlidwi  <Lat.  iMMuia  |mo^,  the  Andly,  240. 
Pennatola  (Lat.  ** sea-pen"),  repreaentatilAof 

the  geuns^  340. 
P.  phoaphorea  (P.  and  La*.  «*piioepharia''), 

hfantf  ftil  aolouia  of  tha»  240. 
Pentamera  (Gr.  petUe  five,  and  aiera  dltiaiMt), 

aaaetiancf  QOtooptennainaaakB.4ftS;  dividat 

into  eight  principal  tttbea   tiie  aerziooBniB, 

Che  Btemoztot  tha  Lamailioornla,  tha  Hialooara, 

the  Kecrophaga,  the  Philhydrida*  the  Hydaa- 

dephaga,andthaOeodepfaaga,  tt6-41A. 
PeridhddsB,  the  liunily,  219. 
Peridiniom,  the  genna,  210. 
fmipatua  (Gr.  jMrtabont,  and  jMtoo  to  walk),  a 

genus  of  Annelides,  285. 
Perlids^  a  ftmily  oTaeinoptaiOQiltaaedlB,  86i^ 
Peru  bicaudata  (P.  and  Lat.  *<doaUa-tailad")> 

a  apeeiaa  of  naureptaroaa  Jnatots,  868. 
Parophofa,  repreaentation  of  tha^  481. 
Petiolato  (Gr.  ptHMua  a  Ioot.ata]k)»  a  nriMOder 

of  hymenopteioaa  iaaeata,  S90;  fonaa  twa 

pdneipal  graupa»  tha  Tarabrantia,  and  l^e 

Aanleata,  800, 891  at  aa«. 
PhalangidsB  (Lat.  phtOangium  ««a  spider"),  a 

famUy  of  the  Arachnida,  821. 
fhalangiBm,  tha  genna,  881. 
Phaamina  (Gr.  phauma  a  phantaaa)«  a  triha  of 

orthoptaroaa  inaaets,  857. 
PhilhydridsB  (Gr.  philm  to  kn%  and  Apdar 

water),  a  tribe  of  aolaoptaKons  insect^  406. 
PbilopteridiB  (Gr.  jyAt/so,  and  ptenm  the  wtog), 

a  family  of  the  order  Mnllophaga,  804. 
Phlnothrftpa,  repraaentatien  af  tba,  858. 
Pholadaoea  (Or.  pht^mt  IncSdng  in  a  hole),  a 

trihe  of  tha  Mffifafow,  432. 
Phohides  (Or.  ^Itotes),   a  fioailr  t  bivaire 

HoUusca,  415. 
Pholadonya  alba  <P.  and  liOt.  <*«!hite"),    a 

apecSMorMoUnaea,  425. 
Pho^phoiaaeenoe  af  tha  BadJata,  327. 
Phryganeids,  a  Ounily  of  naniapteiaoa  toaBHa, 

869. 
Phryganea  grandis,  a  apeeiea  of  nearoptMrona 

insects,  369.  ^ 

Phtynua  lanitonafts  <ar.  pArynaaaapidaiv  and 

Lat.  "kidnay-SKsnad"), 
Phthiriaaia  (Or,  pMMr  a  toaM), 

848. 
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PJiliUidMiB  (Or.  j»fty«M  » iMiiO* «  f aatty  «f  #w- 

teropodous  Mollnsca,  441. 
£k7imd»  (Or.fiftyttoM),  a  trite  of  osthoptonms 

insects,  358. 
PlifUiuni    oiAclbliiun   <P«    snd    Lat  «<4i7. 

leaved  ")i  358. 
tkyUoQbMgtL  (Or«fiAyZ/ois  andjiAo^oto  eat),  a 

fiunily  of  hymenopterwn  Imeoto,  809. 
Phf Uopoda  <ac  pkifUm,  snd  ^Mto  Im^,  an 

order  of  the  Crustacea,  800;  ^Tided  lAto  tiro 

ftunUiaB— the  Apodida,  aad  tlM  Braachlpo- 

4idm,  800, 801. 
Phyllosomide  (Gr.  phyUon,  and  toma  the  bodf ), 

iajBUyofkhe,8M. 
PhysaUdie  (Gr.  pkgM  a  taUde),  the  fcaifly,  866. 
Physalia  AtJsntfna  (P.  and  Lat*  **  belonging  to 

the  Atlantic"),  a  species  of  radiated  animals, 

261. 
Physograda  (Qr«  phyta),  an  order  of  radiated 


Physopoda  (Gr.  phifta  a  bladder,  and  podea  feet), 

an  order  of  Insecta,  352;  their  struoture  and 

habits,   853;  diyided   into    two  tribes—the 

Tnbalifera,  and  the  Terebrantia,  ib. 
Phytophaga  (Gr.  phyto*  a  plant,  and  phiig9  to 

eat),  a  tribe  of  coleopterous  insects,  401. 
Phytophthiria  (Gr.  ^^fot,  and  ^AM«tr  a  loose), 

a  tribe  of  the  sub-order   Homoptera,   347; 

chiefly  composed  of  the  Aphides,  orplant4ice 

(which  see). 
Pinna,  representation  of  the,  412 ;  byssus  of  the, 

413. 
Pinnotheres,  a  genus  ofdeeapod  Crustaceans,  814. 
Piophila  easel  (Gr.  pioa  fat,  and  philaa  a  lover ; 

Lat.  eaattu  a  cheese),  a  species  of  dipterous 

insects,  874. 
Pirena,  representation  of  the,  438. 
Piscicola  (Lat.  pisda  a  flsh,  and  colo  to  inhabit)* 

the  genus,  281. 
Planarida  (Lat.  planui  flat),  parasitie  worms, 

274. 
Planipennia  (Lat.  planus,  and  perma  a  wing), 

a  sub-order  of  neuropterous  insects,  367 ; 

divided  into  vadous  famiUes-^the  SiaUd»,  the 

Hyrmeleontidsd,  the  Hemerohiids,  the  Panor- 

pidflB,  the  Baphidiidm*  and  the  MantbipidsB^ 

867,  868. 
PlanUice,  847. 
Platyelmia  (Gr.  "flat  worms"),  a  class  of  the 

Vermes,  271;  their  organiaation  and  natural 

history,  lb. ;  divided  into  three  order*— the 

Cestokfea,  or  Tape-worm%  the  Trematoda,  and 

the  Planarida,  271—275. 
Pleurobranchids,  a  family  of  gasteropodonaMol- 

lasca,441. 
Ploteres  (Gr.  plotos  sailing),  a  tribe  of  Hemip. 

teioos  insects,  35L 
Plume  moths,  880. 


Ptasia,  a  genus  of  iepidopterow  insects,  888. 

Podophthalmata  {Qr.podei  feet,  and  ophthtttmot 
an  eye),  a  tub-eiaBB  of  the  Cruataeea,  295, 808 ; 
ergaaiBatkm  of  the,  806 ;  divided  into  two 
orden— the  Stomapoda,  and  the  Deeapoda, 
806,807, 

Podophthalmus,  the  lOBg-etaBeed  erab,  906, 814. 

PodoBomata  (Gr.  podet,  and  aonio  the  body),  an 
order  of  the  Araohnlda,  817;  mtMral  history 
of  the,  ib. ;  form  two  familiea— the  Pyonogo- 
bM»,  and  tto  NymphonidM,  818. 

Podurid»  {Qr,pode$,  and  oura  a  tail)»  a  family 
of  the  order  Thyas&Qra,  944. 

Fodan,  the  genus,  844. 

Polydesmids  <Gr«  pofyt  fliaay,  and  desme  a 
bundle),  a  family  of  the  dase  Myilapoda,  8S9. 

Pulydsamus  oomplanatiu  (P.  aaid  Lat.  **flat. 
tened"),  repMseBtattoBof  the,  829. 

PolygaatEloa  (Or.  polya^  andyofier  belly),  a  class 
of  Infusoria,  218. 

PelymeroBomata  <Qr.  ptiyt  many,  iiMradivisioin, 
and  soma  the  body),  an  order  of  the  Amehnida, 
822;  ineludes  two  Aunmei-4he  «eorpionid» 
aad  the  Thelyphoaito,  ib. 

Polyommati  {Qr.polps  many,  and  iwiwiifti  oyea), 
a  family  of  lepidoplerosa  inseets,  887. 

PolyophChaiBidio  (Or.  jm^  and  f^Mhaimoi 
eyes),  the  family,  286. 

Polyphemus  etagnorum*  the  apectea,  800. 

Polypi  {Gr.  pelys,  aad  podss  feet),  a  dass  of  the 
Badiata,  227 ;  their  natural  history  andhataitB, 
227, 228 ;  divided  into  three  orders-^UM  fiy« 
droida,  229;  the  Asteoida, 229, 286;  and  the 
HeUanthoida,  229, 241  (which  eee). 

Polypidom  (Gr.  "the  hooae  of  the  PolyiHu"), 
growth  of  the,  230^  288. 

PolystomidsB  (Gr.  polys,  aad  stsmato  moiitha), 
parasitie  worms,  274. 

Polystomella,  shell  of  the,  207. 

Po^ythalamia  (Gr.  jw^^^and  tkalamos  a  bed}^ 
the  second  order  of  the  Rhiaopoda,  205  ;  thair 
great  profusion,  ib. 

Polytrocha  (Gr.  polys,  and  ^roehoi  wheels),  the 
fiamily,288. 

P61yxenide«  afunily  of  the  class  Mjriapoda,  829. 

Polyxenus  lagurus,  the  ^>ecies,  820. 

Pontia  brassies  (Gr.  Pontia  a  name  of  Vennp^ 
and  irofnca  a  cabbage),  the  cabbage  butterfly, 
386. 

PorcellanidflDb  a  family  of  Cnstaeei^  All. 

Forifera  {lAUporus  a  pore,  and/ero  to  bear),  the 
second  class  of  the  Protoaoa,  208 ;  aataral  his- 
tory of  the,  208  et  seq.    (SeefipoHoas).. 

Porpita  (Qr^porpo  the  ring  of  a  ahiel4)>*«P^Mes 
of  the  Siphonqphor^,  860. 

"  Poulpe,"  the,  453. 

Prawn,  representation  of  the,  807. 

ProctotrupidflB  (Gr.  proktm  the  aau%  and  tn^pes 
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a  hole),  a  fiunily  of  hymteiopteroiis  inseota, 

392. 
Profobranchiata     (Gr.    proao  anterior,    and 

branchitB  giUa),  a  sub-order  of  gasteropodoos 

Mollusea,  442 ;  divided  into  three  groupcH-the 

Cirrhohranchiata,  442;   the  Cyclobranchiata, 

and  the  Peetisibranchiata,  443. 
Protean  animalcnlee,  their  voracity,  212. 
Proteide  (firom  the  mythologioal  god  Froteus), 

the  family,  206. 
Prothorax  (Gr.  protoa  the  first,  and  "thorax") 

of  insects,  385. 
Pbotozoa  (Gr.  prata  the  first,  and  aoa  life), 

the  lowest  division  of  the  animal  kingdom, 

196, 197;  general  oharaoteristios  of  the,  203; 

entirely  destitate  of  nervous  and  vascular  sys. 

terns,  203 ;  how  propagated,  lb. ;  divided  into 

three  classes— the  Bhiaopoda,  204;  the  Porifera, 

208;  and  the  Infusoria,  214;  general  remarks 

on  the,  454,  455. 
Psammobia  dwammot  sand,  and  bios  life),  a  genus 

ofMoUusca,414. 
Psendotetramera    (Or.  pteudos  false,   tettares 

four,  and  mera  divisions),  a  section  of  lepi- 

dopterous  insects,  401. 
PsoddsB,  a  fismily  of  neuropterous  insects,  864. 
PsyehidsB  {Qr.pgyehe  a  butterfly),  a  tribe  of  lepi- 

dopterous  insects,  385. 
Pterophorina  (Gr.  jOera  wings,  and  phero  to 

bear),  a  tribe  of  lepidopterous  insects,  880. 
Pterophorus,  the  genus,  880. 
Pteropoda  (Gr.  ptera,  Knd  podea  feet),  a  class  of 

theMoUnsoa,  434;  their  structure,  434,435; 

divided  into  two  orders— the  Gymnosomata, 

and  the  Theoosomata,  485. 
Ptyohoceras  (Gr.  ptychot  double,  and  heras  a 

horn),  a  genus  of  Ammonites,  451. 
PuliddsB  (Lat.  puUx  a  flea),  parasitic  insects, 

371. 
Pulex  irritans  (Lat.  "an  irritating  flea"),  the 

species,  370. 
P.   penetrans    (Lat.   "a   penetrating   flea"), 

371. 
Pulmonaria  (Lat.  puhno  a  lung),  a  sub-elass  of 

the  Araohnida,  821 ;    form  two  orders— the 

Polymerosomata  and  the  Dimerosomata,  822. 
Pulmonifera  (Lat.  jwlmo,  and  fero  to  bear),  an 

order  of  the  gasteropodous  Mollusea,  divided 

into  two  great  groups— the  Operculated  and 

the  Inoperoulated,  with  their  respectlTe  Ceu 

miUes,  447. 
PnlvilU  of  insects,  885. 
Pupipara  (Lat.  pupa,  and  panio  to  bring  forth 

young),  a  sub>order  of  dipterous  insects,  872 ; 

divided  into  two  fttmilies— the  Hippoboecidn* 

and  the  NycteribiidsB,  lb. 
Pycnogonidie   (Gr.  pykno$  thick;   and    gonon 

breed),  a  family  of  the  Arachnids,  818. 


Pycnogonum  balanarum  (P.  and  Lat.  baiama  a 

whale),  the  species,  317. 
Pyralidina,  a  tribe  of  nootumal  lepidoptera, 

381. 
Pyralis  vitifl  (P.  and  Lat.  vi*ia  of  the  vine),  the 

species,  381, 382. 
P..farinalis  (P.  and  LaL  farmaUa  belonging  to 

bread-corn),  the  species,  381. 
Pyramids,  built  of  a  limestone  composed  of  Num- 

muUte  shells,  208. 
Pyrochroarubens  (Gr."fire  colour,"  and  Lat. 

"red"),  a  species  of  coleopterous  insects, 

405. 
Pyrosomatids    (Gr.  pyroa  fire,  and  soma  the 

body),  a  famUy  of  Ikolluscoids,  422. 
Pyrosoma,  a  genus  of  MoUuscoids,  422. 


Badiata  (Lat.  "  star-like''),  the  second  division 
of  the  animal  kingdom,  197, 226 ;  distinguished 
by  their  radiate  forms,  226 ;  nervous  system 
of  the,  227;  divided  into  five  classes— the 
Polypi,  228 ;  the  Discophora,  249 ;  the  Cteno- 
phora,  258 ;  the  Slphonophora,  260 ;  and  the 
Echinodermata,  261 ;  general  remarks  on  the, 
454,  455. 

Banlnidse  (Lat.  rana  a  firog),  a  family  of  decapod 
Crustacea,  311. 

Baphidiidse  (Gr.  raphis  a  needle),  a  family  of 
neuropterous  insects,  368. 

Bazor-shell,  432. 

Eed-admiral  butterfly,  387, 

Beduvina,  a  tribe  of  Hemipterous  insects,  851. 

Bemipes  testudinarius  (Lat.  remm  an  oar,  pes 
the  foot,  and  testttdo  a  tortoise),  representation 
ofthe  species,  311. 

Bespiration  of  insects,  389. 

Bhizopoda,  (Gr.  rhiza  a  root,  and  podes  feet),  a 
class  ofthe  Protozoa,  204;  characteristics  and 
habits  of  the,  205 ;  divided  into  two  orders— 
the  Honosomatia,  and  the  Polyihalamia,  205, 
206. 

BhizostomidsB  (Gr.  rhiza  a  root,  and  stoma  the 
month),  the  family,  258. 

Bhizostoma  Cuvieri,  the  species,  257,  258. 

Bhopalocera  (Or.  rhopalon  a  club,  and  keras  a 
horn),  a  sub-order  of  lepidopterous  insects  (the 
Butterflies),  386;  their  habits,  386,  887. 

Bhynchophora  (Gr.  rhynchos  a  snout,  and  phero 
to  bear),  a  tribe  of  tetramerous  beetles,  402. 

Bhynchota  (Gr.  rhynehos),  an  order  of  Insects, 
845;  their  suctorial  mouths,  884;  their 
structure,  lb. ;  divided  inta  two  sub-orders 
—the  Homoptera,  and  the  Heteroptera,  845, 
846. 

Bhynchites  Bacchus,  a  speeiea  of  ooleopteroiu 
insects,  403. 
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Ribbon-vonns,  275.  *  . 

Riparia  (Lat.  ripa  a  bank),  a  family  of  Hemip. 

terous  insects,  351. 
Bipiphoms  paradoxus  (Or.  ripos  a  hurdle,  and 

phero  to  bear ;  Lat.  **  paradoxical "),  a  species 

of  coleopterous  insects,  405. 
Bocks  of  the  ocean  formed  by  the  coral  zoophytes, 
'  244,  245. 

Boscchi^er,  the,  407. 
fiotifera  (Lat.  rota  a  wheel,  and  fero  to  bear), 

**  Wheel  animalcules,"  a  class  of  Articulata, 

271,  286 ;  their  stmotore  and  curious  habits, 

287 ;  consist  of  two  orders— the  Sessilia,  and 

thq  Natantia,  287. 
Round  worms,  271,  275,  277.    (See  Nematehnia). 
Ruby.taU,  the,  392. 


8 


SabellideB  (Lat.  sabuktm  coarse  sand),  family  of 

the  TubicolidflB,  283. 
Sacred  beetle  of  the  Egyptians,  407. 
Sagitta  (Lat.  *<an  arrow"),  a  genus  of  Mol- 

lusca,  255,  440. 
Sailors,  beetles  so  called,  405. 
SalpflB  (Lat.  salpa  a  stockfish),  a  genus  of  Mol. 
luscoids,  their  structure  and  habits,  420,  42J^ 
con  sist  of  two  zooids,  456. 
Saltatorial  Orthoptera  (Lat.  stUto  to  jump),  854. 
Salticus    soenicus  (Lat.   salto,  and  seeniew  a 
'  player,  326. 
Sand-flies,  877. 

Sanguisuga  officinalis  (Lat.  **  the  blood-sucker  of 
.  the  shops"),  279. 

Saroode  cells  (6r.  sarkos  flesh)  of  sponges,  209. 
Saroophaga  camaiia   (Gr.  sarkoa  flesh,    and 
phago  to  eat ;  Lat.  eamia  of  flesh),  a  species  of 
dipterous  insects,  874. 
Sarcoptes  soabiei,  representation  of  the  species* 

819. 
SarsidsB,  the  family,  256. 
Sarsia,  deyelopment  of,  253,  254. 
8.  tubulosa,  the  species,  255. 
Saturnia  Prometheus,  a  North  American  species 

of  moth,  884. 
Saw-flies,  889. 
Scallop-shells,  428. 

Scalaria,  a  genus  of  gasteropodousMollusca,  438. 
ScarabsBus  .Sgyptiorum  (Lat.  "the  Egyptian 

beetle"),  407. 
Scarlet  mite,  820. 

Scolecina  (Gr.  skolex  a  worm),  an  order  of  the 
Annelida,  281 ;  divided  into  two  families— the 
LumbricidsB,  and  the  Naidid®,  282. 
Scolopendridee  (Gr.  "Myriapod"),  a  family  of 

the  Myriapods,  828. 
Scorpion,  effects  of  its  sting,  822. 


Scorpion  flies,  their  natural  history  and  habits, 

868. 
Scorpion  shells,  445. 
8corpionid»  (Lat.   "scorpions"),  a  family  of 

the  Arachnida,  822 ;  their  organization,  822, 

323.  ' 
Scutata  (Lat.  scuta  %  shield),  a  family  of  Hemip- 

terous  insects,  352 ;  include  a  great  number  of 

species,  ib. 
Sea  mantis,  808. 
Sea-mats,  418. 
Sea-spiders,  818. 

Securifera,  a  sub-order  of  Hymenopterous  in- 
sects, 389. 
SepiidsB  (Lat.  sepia  the  cuttle-flsh),  a  family  of 

cephalopodous  Mollusca,  452. 
Sepia,  the  genus,  nerrous  system  of  the,  200 ;  its 

organs  of  circulation  and  respiration,  413; 

black  colour  of  the,  449. 
8.  Hieredda,  the  species,  452. 
8.  officinalis,  452. 
SerpulsB  (Lat.  serpo  to  creep),  family  of  the 

Tubicolar  Annelida,  283. 
Serricomia  (Lat.  serra  a  saw,  and  eomu  a  horn), 

a  tribe  of  coleopterous  insects,  405. 
Sertularidffi  (Lat.  sertum  a  wreath),  a  family  of 

Polypes,  234,  235. 
Sertularia  filicula  (Lat.   sertum,  and  filix    a 

fern),  the  species,  234. 
S.  pinnata  {lax.  sertum,  and  jpinna to  feathered), 

representation  of  the,  235. 
Sesia  tipuliformis  (Gr.  seaia  a  moth,  a  species  of 

lepidopterous  insects,  387,  388. 
Sessilia  (Lat.  sessilis  sitting),  an  order  of  the 

Rotifera,  287 ;  dirided  into  two  families— the 

Floscnlaridffi,  and  the  Megalotrochidse,  287, 

288. 
Setifera  (Lat.  setas  bristles,  and  fero  to  bear), 

family  of  the,  224,  225. 
Sexes  of  insects,  340. 
Sexual  reproduction  of  the  Radiata,  198. 
Sheep-tiok,  tbe,  373. 

Shells  of  minute  animals,  207 ;  fossilized,  208 ; 
-  of  Mollusca,  414, 415 ;  of  the  Gasteropoda,  438, 

439. 
Shell-lac,  produced  from  the  Coccus  lacca,  347. 
Ship-worms,  432. 
Shrimps,  307  et  seq. 
SialideB  (Gr.  aialon  saliya),  a  family  of  neurop- 

terous  inseets,  367. 
Silk-worm,  a  lepidopterous  insect,  383  ;  its  great 

commercial  importance,  ib. 
Silphidse  (Gr.  silpJie  a  grub),  a  tribe  of  coleop- 
terous insects,  408. 
Simoneidce,  a  family  of  the  Acarina,  819. 
Simonea  folliculorum,  the  species,  319. 
Simulium  (Lat.  simulans  feigning),  a  species  of 

dipterous  insects,  377. 
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8ipboii«U{Or.  ti^Km  •  ourved  tiAeX  ta  oednr 
of  bivalye  Mollusoa,  430;  oomprehendB  eUnn- 
Bhells,  cookies,  &c.  431 ;  diirtded  into  four  trib« 
—4lkt  eiuur  toM,  a«  OBTdiaoea,  the  YooflnMei^ 
and  iha  PholodMM»  431, 483. 

Siphonophora  (Gr.  siphon,  andpAarotobett),  a 
ataM  fA  the  Badiata,  338;  dMded  imio  tm 
wdanH-tha  C3ioBdrognida»  aad  tlM  Phyao- 
grada,ib. 

Siphons  of  mollnsoons  animals,  il4k 

Sipunculns  Lat.  "  a  litUe  siphon**),  the  dilferant 
species  of  the  genus,  281. 

a-  Banhardaa,  nprMestatkn  of  the  q^eiaa^ 
281. 

8.eooblflariii8^2»l. 

Skeleton  of  a  vertebrata  animal.  Us  Tarioiis 
parts,  203}  of  aainsaotySSL 

Slogs,  aix^braatiUng  organs  of»  414 ;  of  tba  order 
Fulmonifera,  447. 

Snails,  mantle  and, shell  o^  206;  air^hraathing 
organs  of,  414;  oif  the  sea,  444;  of  the  eider 
PohnoBiAra,  447. 

Social  bees,  896. 

Soldiers,  beefles  so  caUed,  405. 

Solen,  the  raaor-sheU,  433. 

Solpogida  (Lat.  toljniga  a  Tenomons  ant),  a 
family  of  the  Arachnida,  331. 

SpatangidflB  (Gr.  tpatango*  a  speaies  of  tortoise), 
family  of  the,  269. 

Species,  the  knowledge  of,  oonstitates  thefoan*> 
dation  of  zoology,  195;  the  genera  divided 
into,  ib. ;  modes  of  distinguishing  the,  ib. 

SphsBridiidsB  (Gr.  9phmra>  a  baU),  a  fsmUy  of 
coleopterous  insects,  409. 

SphflBromidsB  (Gr.  tpJudra),  a  fomily  of  isopo- 
dous  Cruataeea,  305. 

Sphingina  (Gr.  **9phiru^),  a  tribe  of  lepidop. 
teroua  insects,  S85. 

Sphinx,  mouth  of  the,  338. 

SpiculcB  (Lat.  <*  spikes**)  of  the  sponge,  208, 209. 

Spider,  buecal  apparatus  of  the,  315 ;  heart  of 
the,  317. 

Spidei>crab,  representation  of  the,  318. 

Spidera,  natural  history  o^  315  et  seq[. ;  spin, 
nerets  of,  323 ;  webs  of,  324 ;  varieties  ot,  ib. ; 
all  predaeeous  animali^  834|  825^  (See  Arach- 
nida). 

Spinnerets  of  spiders,  328. 

Spiny  lobster,  the,  809,  810. 

SpirulidflB  (Lat.  apira  a  spire),  a  family  of  cepha- 
lopodous  Mollusca,|s2 

Spirula  Peronii,  the  speciei^  451. 

Sponges,  constitute  the  class  Porifera,  208 ;  their 
formation  and  natural  history,  208-214 ;  sec. 
tion  of  a  living  one,  209;  cells  of  the,  209; 
propagation  of,  211,  212;  development  of 
Spongilla,  211 ;  animalcules  of,  212 ;  their  pe- 
culiar habits,  213 ;  different  genera  of,  ib. 


oftiie. 


Spring-tails,  844.  ' 

S^nida,  4M. 

Squilla  (Lat.  "  a  prawn*»),  i 

807. 

BqB&lUdo,  fhe  fhrntty,  SOB. 
Stag-beetle,  the,  406. 
atsr.dlsiB,  nerfaas  ayotam  of  fhe,  189. 
Steganophthalmata  (Gr.  steganoa  co^Rsrod,  and 

opthalmoB  the  eye),  order  of  the^  257  ;  divided 

into  tmi  famlliei-*tfae  Medosids,   and  the 

Bhiaostomlda^  288. 
StsUeiida  {Lai.  Stella  aatar),  order  of  Ae,.  966 ; 

organiaatlon  of  tiie,  ib.;  divMed  teto  three 

families— the  Euryalidee,  the  OpbinridsB,  and 

the  Aafeoridte,  866,267. 
Stentor,  the  trumpet  animalenlev  288* 
S.  MuUeri,  representation  of  the,  224. 
Stemozia  (Gr.  sterwm  the  breast,  o»y»  sharp),  a 

tribe  of  coleopterous  itisects,  406. 
StiehostegidflB  (Gr.  tUoKot  a  line,  and  tego9  a 

eoveorftig},  the  fsnUy,  807. 
Stomapoda  (Gr.  9toma  the  montbv  and  po4«» 

feet),  an  order  of  Gnwtaoea,  807 ;  dMded  into 

three  funiUea— the  PhyUoaamidflB,  the  SqniX- 

Ud8B,  and  the  Mysid®,  308. 
Stomatoda  (Gr.  ttamm),  an  eorder  of  tha  In- 
fusoria, 819. 
j^omozys  (Gr.  9tomm,  and  eo^  tSbaxp),  a  spaeles 

of  dipterous  insecta,  874i. 
Stratiomys  ohinnrteon>  aspedeaof  dipteroos  in- 

aBeta»878. 
Strepsiptera  (Gr.  strepsis  a  turning,  and  pttro 

wings),  an  order  of  parasitic  insects,  898. 
Stridolaatia  (Lat.  Hrid&r  a  ehirping  nolae),  a 

tribe  of  the  sub-order  Honioptera-~(CScadA), 

850. 
8trombid«  (Gr.  atrombos  a  tnrban),  a  tenily  of 

gasteropodooalfolhisea,  448^ 
Strombus,  the  genus,  445. 
Strongyloa  gigaa  (Gr.  aitrcfngyilM  roind,  and 

gigaa  a  giant),  a  parasitic  worm,  277. 
Stylops  Dalii  (Gr.  stylot  a  oolnmn,  and  sgM  the 

eye),  a  species  of  parasitie  iaaeets,  808. 
Suctoria   (Lat.   nustm  snaking),   an  order  of 

worma,  279 ;  divided  into  three  &miUe»-tfae 

Malaeobdellid®,  the  Clepsinids,  and  the  Him- 

dinide,  280. 
Syllis  monilaris  {8,  and  Lat.  mtm%h  a  neoklaee), 

representation  of  thf^  285. 
SynaptidsD  (Gr.  ma  together,  and  opto  to  Join), 

family  of  the,  269. 
SyrphidflB  (Gr,  ayrphetoa  dirtinei^,  a  Sttb4ismily 

of  dipterous  inseets,  875. 


TabanidcB  (Lat.  "Gad-flies*'),  a  Cuntty  of  dip- 
terous  insects,  876. 
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A1wiiHBt)vrljiTn  {T,  asi  Ltt.  bo9b  «r  thedx), 

tike  «peeie0,  S76. 
tTonla  floliam  (Lat.  **the  tepe^iMna**),  vspre- 

ientatioii  of  the,  27S,  £78. 
*  l^tlttntsloeBBtej  (he  asiid-lMipper,  &  cpeelei  of  the 

Cnxstaeea,  289,  804. 
Ttoyvtoma  ^r.  taitfo  te  stretoh,  and  «fMi«  the 
'  '  ncmtb),  a  Uasdly  of  cUpterevs  inMolB,  tn, ' 
Tape  worme,  971,  S71. 
TaroBtvla,  hite  of  (he,  896. 
Teetibrasehicla  (Lat.  Uetum  a  eormliif,  aad 

hranehim  tfilh)^  a  grettp  of  graat«Fopodmis 

Moltaaea,  4lil ;  dhnded  flitothree  ramiUM--4he 

BullidsB,  the  Aplysiadse,  and  Ihe  n«ar6braii- 

ehid»,44I.  ' 
^'Tti9pkotmsiQt,iei&8'^9  esd^  aBdiiAe»«M  te  hear), 

a  geims  of  eoleopteroas  inseots,  405. 
Tenebrio  molitor  (Lat.  tenebrU  a  hifker  in  the 

dtteh^and  mbUeor  a  tniUer),  the  meal  worm, 

40S. 
Tereb^a  ftaL  UtAiim  an  a«ig«r),  a  taMeobir 

worm,  288. 
^CieitlmmtU  (Lat.  tefehrd  to  hor«0,  a  tribe  of  Ihe 

l%3riepoda,  858 ;  a  tHbe  of  hymenoptOMin'  in^ 

fleets,: 89»;  difided  teto  fimr  ereat  IhniiUes— 

tbe  Evaniide,  the  lehneumonidce,  theChaki. 

dide,  and  the  Preetoinipldm,  8B8. 
Terebratolidm   (Lat.  terebro),  a  fSunily  of  the 

MoUofloa,  484. 
Terehratola  autralis  (T.  and  atuiraUt  of  the ' 

Boath),  a  species  of  Molloeoa,  488. 
Teredo  naralie,  the  fShip-wmn*  489. 
Termitidn  (Lat  termet  an  ant),  •  funily  of 

neoropterons  insects,  862  .itlL 
Termes  fatalis,  868 ;  nest  of  the,  864. 
T.  atrox,  the  speeiee,  1)68. 
Tetrahranehiata  (Gr.  4siAw«t  Jmr,  and  Lat 

WanehkB  gills),   an  eider.  >or  ecpludopodons 

Xoltauea,  45t ;  diidded  into  two  CMBiiie»--the 

KaatilUto,  and  the  Ammeaitidft,  451. 
Tetramera  (Or.  UHmret,  and  aMfw  disAsfenti),  a 

jieetlemofeDle^ptero«»lasMls,40l;  eomposed 

of  three  trihes— the  Phytophaga,  the  Irfmgl- 

eomia,  and  the  Bh^nehephora,  401,  iOi. 
.9ext«lM<a  (LaL  imim  a^ettlto  IkhiFie),  sheU  of 

the,  267. 
Thalassinida  (Gr.  Ihmitma  theiM),  afkaUy  of 

decapodons  Crastaoea,  868. 
Thanmantias  kicifera  (Or^  thoMma  nonder;  Lat. 

hufifem.  Ught  bearinflr),  258. 
ThaamaBtiafe  pilesella  •(  ft  and  Latj^ffomts  hairy), 

representation  of  the,  256. 
Theeosomata  <Gr.  tkeea  a  case,  and  toma  a 

body^,  an«rder  of  the  pterepedou  MoUnsca, 

435. 
Vheli^iA,  a  9eMw«rcrabe,  IVB,  8ll 
ThelyphonidsB  (Gr.  flU^w  a  female,  andpftoiMa 

toQlii^,  afhodly^f  «he  AchehBlda,  M8. 


TherofiSflQ,  a  fmbi.lhmUy  of  dipterew  iMeets, 

878. 
Theridion  Malmignatta,  a  gemu  of  the  Aradl. 
.*>d«^825,896. 
Thorax  of  inaeots,  385. 
ThiMtd-wonna,  879. 
Thrips  oereaKum  (Lat.  **  <he  gmh  of  the  wheat 

hanwt^),  a  speeiea  ef  &e  Physopoda,  8534 
Thysanura-(Gr.f%rM«»M  a  fringe,  etim  a  tail), 

an  eidev  of  thD-Inseola,  844}  dvvided  into  tWo 

famiUes-4he  PodurldfB,  and  the  lapisml. 

dcB,  ih. 
Tiger.beetk8,4M. 

nnMna,atrib6«^lepidept6rotiftinfleole,881. 
Tinea  tiaseUa  (r.  and  franum-  syaia),  the 

species,  881. 
TIptittdeB  (Lai  MptOm  a  watsM^ldto),  a  family 

of  dipterous  insects,  877« 
Tomieastypogiap3iiia  ^.  Aiuhm  aeatttav,  and 

Lat.  *«  typoffrapher"),    a  speeies    of  Xylo. 

phagevBinaeets,  408;  its destraettve  qnaUties, 

404. 
Tooth-^h^Rs,  44!L 
TortoleewdieH  liattarfly,  866^  887. 
Tortridna  (Lat.  tortritb  a  leaf^oUer),  •  tribe  of 

lepidopteroQsJiiieiita,  86U 
Tortrix  viridans  (T.  and  tiHim»  nrdaat),  (he 

aafe4earrQtim««ateririMar,  861, 
Trachearia  (Gr.^rwfiUw  an  alr-ita!h»),  a  lub- 

elass  of  •the  Amdhnida,  817  \  ^antaiotiig  three 

ordere— the.lWdoBemala^S]?;  Iba.  A^afiim, 

818 ;  and  the  Adelarthroaomata,  820. 
Traohelia,  a  tribe  of  eoleopteroas  inseets,  404. 
Traohelina,  the  sab-faaiily,  234. 
Trap-door  spiders,  827.         . 
Trematoda  (Gr,  tremo  to  tremhle),  an  order  of  ' 

parasiGc  worms,  274 ;  consisting  of  three  fAini.  ' 

liee— the  Distomidse,  the  Tristomidfle,  and  the 

Polystomidffy  ib. 
Tribes,  constituted  of  different  families,  genera, 

and  species,  196. 
Trichodinm  (Gr.  frie^  hairs),  the  Xleimily,  224. 
Triehoptera  (Gr.  triches,  and  ptera  wings),  a 

sulM>rder  of  nenropterousinsects,  868 1  includes 

one  large  family,  the  Phryganeldie,  369 ;  me-  • 

tamorphosis  of  the,  ib. 
Tridaenagigas  (the  Clam-shell),  a  speoieeof  Mol. 

laaea,481. 
iVigonteeea  (Qi\riNfit  tfaKo^and^^ni^hii  angle), 

a  tribe  of  the  Mollusca,  480. 
Trilobitee  (4»v.  ««l^«ad  (aM  lobes),  «n  outer  of 

Crustacea,  301. 
Trimera  (Or.  «re<»,  and  mmt  divfdkme},  a  seotidn 

of  eeleoptenMB  fnaeets,  406. 
Triphmna  (Gr.  treia,  and  pKaine  to  appear),  a  ^ 

genus  oflepidepteronsteeeets,  868. 
Tristomidm   (Gr.  treit,  and  ttomata  mouths), 

parasMeWdnai,  374. 
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Trttoniide  (from  2Wtofi)»  a  ftunUy  of  fb»  gMte- 

TopodouB  Mollusoa,  442. 
TVoQiuaitevofiiiaeoti,  SSfti 
TroohuB  (Lat.  "  a  top  '*),  a  uniYalTe  Mhell*  414. 
TrombididflD,  a  family  of  thft  Aeariaa,  S2Q. 
Tubioola  (Lat.  tUba  a  tabe,  tad  «ofo  toinbaUt), 

aa ordar  of  the  bnacUfBroiia  Annekida,  283; 

dlvidud  into  three  fkaiiiUea--the  Sabellids,  the 

Serpole,  and  the  Hermellidn,  838. 
TaUporids  (Lat.  tuba,  andGr.  pom  a  pore)»  the 

fiunUy,888. 
TubnlaridflB  (Lat.  ittba),  the  fiunily,  28$* 
Tubnlariadm,  the  aub-lkmilj,  288. 
Tohalaria  iadiriaa  (Lat,  tuba,  and  indkriaa  un- 
divided}, Sir  J.  G.  X>«lyeU'8  aocount  of  the,; 

286, 
Tabnlifera  (lat  Ai(a,  aod/ero  to  bear),  a  tribe  of 

the  Physopoda,  858. 
Tonieata  (Lat,  imha  a  tonie),  a  elaie  of  lioUns- 

coid^  419;  their  stmoture  and  habits,  419, 
.    420;dividedintotwooiderfr--tbeA9eidi»and 

the  Biphora,  421. 
TnrbellaridiB,  a  famOy  of  minute  wanna,  275, 
Tnrbinids  (Lat,  iurba  a  ti^),  a  family  of  gaite- ' 

ropodoos  Mollnaea,  445, 
Tnrbo  pica,  anatomy  of  the^  437« 
TamipiLy,the,401, 
TurriteUids  (Lat.  turris  a  tower),  a  family  of 

yaateropodonsMollnaca,  444. 
Tnrrilitei,  a  genns  of  Ammoaltea,  451. 
,  Typographie  beetle,  the»  408, 404. 


XJnioellalar  animals,  196^ 

tJnionacea  (Lat.  unio  a  pearl},  a  tribe  of  the 

Mollusca,  490. 
tJnio  piotorom,  480, 

U.  margaritifems,  a  speeies  6f  nlUSBel,  430. 
Vnivalve  shells,  414. 
Upholsterer  bees,  896. 
ITranilde  (Or.  uranios  heavenly),  a  tribe  of 

lepidopterous  insects,  386, 
Urn  animalcules,  224. 


.  Vaghdeola  (Lat.  wigiMk  a  Aaath,  and  eolo  to  in- 
habit), the  genas,  223. 

Yagtnioola  oryatallinat  the  species,  2a4t 

Valves  of  shells,  414. 

Vanessa  lo  (the  peacock  bntt^y),  886. 

Velella  (Lat.  velum  a  i8il)i  a  geans  of  Kadiate 
animals,  260. 

Veneracea  (from  Vmuu),  a  tribe  of  theMollasca, 

.    ^l. 
Vermes  (Lat.   "worm^'*)  their  organisation. 


270;  divided  into fonr dspsee  tbePUtyelmia 
or  Flat-worms,  the  Nematehnia  or  Boond- 
worms,  the  Botifera  or  Wheel.animalciiles, 
and  the  Annelida  or  Trne-worms,  271. 

Termatoa  (Lat  verm&i),  a  genus  of  gasteropo- 
dous  Mollnsca,  488. 

iMSKBMUATx  (Lat,  YXMXKBRA.  a  joint,  firom  verto 
to  turn),  the  fifth  divisign  of  the  animal  king- 
dom, 201,  208 ;  their  organizatiDn,  202. 

Vertebral  oolmnn,  its  respective  parts,  ^2, 

Vespa  vulgaris,  the  common  wasp,  895. 

Vespa  Hcdsatica,  nest  of  the,  895. 

Vibricoina  (Lat.  vOro  to  vibrate),  a  class  of  the 
lafluoria,  218, 

Virgalaria  mirabilis  (Lat.  vtr^a  a  rod,  and  tntVo- 
bOit  wQOderfta),  repretantation  of  the  ispecies, 
240. 

Visiting  ant,  the,  894. 

.Volntidas  (Lat  who  to  roll),  a  /aioily  of  ithe 
Gasteropods,  447. 

Vdnta  nadulata  {V,  axid  L^  undidain  wavy), 
the  species,  446,  447. 

Vorticella  (Lat,  ooriex  a  whirlpool,  from  9erto 
to  torn),  216, 220;  its  modes  of  propagation, 
320,  221;  develtfpmcnt  of  the,  221;  aciaets 
lbrmsof,222, 

VorticeUidtp^  the  fiunily,  220. 


Walking  sticks,  857. 
Wasps,  the  fiunily  of,  895» 
Water-bogs,  ^51. 
Water-beeUes,  4M. 
Water-mites,  820, 
Watering-pot-shell,  the,  432,  488« 
.  Weba  of  Spidttrsi  824^  825, 
Weevils,  402»  403, 
Whale-lice,  808, 
Whales,  food  of,  485» 
Wheat^fly,  the,  877* 

Wheel  animalcutes,  271, 286^   (See  Boti£n«r] 
WheUu,446. 
Whirligig8i449. 
White  ants,  t)ieir  natural  history  and  ^bito, 

862-364. 
;Willsid»,theiia9)Uyf257.  ' 

Wings  of  insects,  396,  387. 
Wire-worm,  the,  406, 
Woodlouse,  the,  305,  806, 
Worms,  vaiioos  kinde  of,  271  «t  seq.  (See 

Vermes). 


Xylooopa  (Or.  oyfon  wood,  imd  kopot  labour)) 

the  carpenter  bee,  396, 
Xylophaga  (Gr,  flyfcm,  and  phofo  to  99X)t  a 
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fiunily  of  hymenopteroiu  insects,  889;  a  sab- 
tribe  of  rhynohophorons  insects,  408. 

Xiphosnrs  or  Xyphoeora  (Gr.  xiphos  a  sword, 
and  oura  a  tail),  a  sub-class  of  the  Crustacea, 
295,  801 ;  consists  of  only  one  order,  and  one 
genus,  ib. 

Z 

Zoanthids  (Gr.  aoon  an  animal,  and  anthot  a 
flower),  a  fiunily  of  the  Polypes,  246. 


Zoanthus,  the  genus,  246. 

Zoea  (Gr.  too),  the  young  of  the  crab,  812. 

Zoology  (Gr.  zoon  an  animal,  and  loifo»  a  dis- 

course),  on  the  study  and  general  classification 

of,  198  et  seq.    See  Akzxals. 
Zoophytes  (Gr.  aoan,  and  phyton  a  plant),  226. 

(See  Polypi,  ftc) 
Zygotrocha  (Gr.  au^on  a  yoke,  and-  'roehot  a 

wheel),  the  fiamily,  288. 
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